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Pain is an unpleasant sensory and emotional 
experience associated with actual or potential 
tissue damage, or described in terms of 
such damage, according to the International 
Association of the Study of Pain. 
For Dame Cicely Saunders, founder of the 
modern hospice movement, pain treatment 
was essential in the caring for the dying. 
She found that pain was a key which unlocks 
other problems. For its resolution, multiple, 
not only pharmacological, interventions are 
required. By listening to her patients, the 
'total pain' concept emerged, acknowledging 
the diverse aspects of pain. 
Loeser's pain model also conceptualizes 
pain as a multidimensional identity, using 
five circles, or spheres, named nociception, 
perception, suffering, pain behaviour and 
social context. 
This thesis focuses on pain, using the concept 
of Loeser's pain model. The first part of the 
thesis is dedicated to the measurement of 
pain intensity, the second to pain treatment. 
The third part focuses on health care 
consumption: an aspect of 'pain behavior'. 
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Pain is defined as "an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage".[1] It is a 
common symptom in cancer patients. In a meta-analysis of fifty-two studies, 59% of 
patients on anticancer treatment, 64% of patients with advanced, metastatic or terminal 
disease and 53% of patients with all stages of cancer reported pain.[2] 
For Dame Cicely Saunders, founder of the modern hospice movement, pain treatment 
was essential in the caring for the dying. She found that pain was a key which unlocks 
other problems. For its resolution, multiple, not only pharmacological, interventions are 
required. By listening to her patients, the 'total pain' concept emerged, including 
physical, psychological, social, emotional and spiritual elements: [3] 
One person gave me more or less the following answer when I asked her a question 
about her pain, and in her answer she brings out the four main needs that we are trying 
to care for in this situation. She said, "Well doctor, the pain began in my back, but now it 
seems that all of me is wrong". She gave a description of various symptoms and ills and 
then went on to say, "My husband and son were marvellous but they were at work and 
they would have had to stay off and lose their money. I could have cried for the pills and 
injections although I knew I shouldn't. Everything seemed to be against me and nobody 
seemed to understand". And then she paused before she said, "But it's so wonderful to 
begin to feel safe again". Without any further questioning she had talked of her mental as 
well as physical distress, of her social problems and of her spiritual need for security.[4] 
The multidimensionality of pain is also showed in Loeser's pain model, consisting of five 
circles (Figure 1). 
Figure 1. Loeser's pain model 
The center of these circles comprises 'nociception', which is defined as the stimulus that acts on 
peripheral pain receptors to activate nerve fibers. The next circle is named pain 'perception', the 
awareness of the nociceptive stimulus. Awareness is not only dependent on nociception, but is 
influenced by 'suffering'. Suffering, the third circle, encompasses the meaning of the pain 
experience, and generates an emotional response in higher nervous centers. This evaluation of the 
pain experience will also influence pain behavior, the next circle. 'Pain behavior', refers to all 
attributes used to communicate pain. As behavior is embedded in, and influenced by, the social 
setting someone is in, the final circle is named 'social context'. 
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This thesis focuses on pain, mainly on the 'pain experience' of Loeser's pain model.[5] 
The first part of the thesis is dedicated to the measurement of pain intensity, the second 
to pain treatment. The third part focuses on health care consumption: an aspect of 'pain 
behavior'. 
Part I Pain measurement 
As pain is influenced by multiple factors, pain intensity measurement is complex in its 
nature.[6;7] Acknowledging this complexity, multidimensional pain measurement scales 
have been developed.[8;9] 
Although more complete, the multidimensional measures are often cumbersome for the 
clinical setting. Therefore, in daily clinical practice, one-dimensional measures, such as 
the visual analogue scale (VAS) and numeric rating scale (NRS) are commonly used.[10] 
The VAS consists of a 100 mm long line, ranging from o mm (no pain) to 100 mm (worst 
pain imaginable). A person is asked to indicate his/her pain intensity by placing a mark 
along the line. The NRS values pain intensity by a number ranging from o (no pain) to 10 
(worst pain imaginable). While the VAS is a continuous scale between o and 100, the 
NRS has 11 pain intensity levels. Although both scales are easy to use in the (outpatient) 
clinic, they both need patients' understanding and co-operation.[11;12] 
In clinical conditions where patients cannot indicate their pain, as during sedation on 
intensive care units, self reported pain measurement tools are not useful. In these 
settings, pain intensity is measured using behavioral indicators (facial expression, 
sweating, clutching) and physiological parameters (heart rate, blood pressure).[13-15] 
This practice is based on the hypothesis, that pain elicits a specific response in humans. 
For instance, due to pain, facial expression will change in a specific way.[16] 
Furthermore, it is thought that a pain response consists of changes within autonomic 
nervous tonus and neuroendocrine hormones. This response aims to maintain 
homeostasis during stress, the so called fight and flight reaction. Clinically this response 
will result in sweating, tachycardia and hypertension. However, although changes in the 
autonomic nervous tonus and catecholamines were shown, correlation between these 
changes and pain intensity has yet to be demonstrated.[17-21] 
In chapter 2 we study whether a correlation exists between pain intensity and changes 
in autonomic nervous tonus. Pain was induced using a heat stimulus applied to the 
forearm. The heat stimulus was applied three times to 75 healthy volunteers, preceded by 
a baseline period. Pain intensity was measured before and after each application using a 
visual analogue scale (VAS). To measure changes in the autonomic nervous tonus, we 
measured changes in the heart rate, expressed in heart rate variability (HRV) 
parameters. Heart rate was registered continuously; the HRV parameters were calculated 
during baseline and stimulus periods. The main outcome was the Pearson's correlation 
between pain intensity measured by VAS and HRV parameters. 
Part II Pain management 
For adequate pain management knowledge of the cause of pain is useful. Pain can 
originate from stimulation of pain receptors by heat, cold or mechanical stimulation. The 
sensitivity of the receptors and the neurons is influenced by a host of endogenous 
molecules, like pH, cytokines and inflammatory mediators.[22;23] This type of pain is 
called nociceptive pain. Neuropathic pain originates from direct damage to pain 
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transmitting fibres, lesion in the central nervous system or an injury to sympathetic 
nerves.[24] The management of each type of pain is different. For nociceptive pain, the 
World Health Organization recommends the use of the so called 'analgesic ladder': a 
structured stepwise increase of analgesic usage. The first step consists of non-opioids: 
acetaminophen and/or non steroid anti inflammatory drugs (NSAID). The second stage 
consists of weak opioids; the third of strong opioids.[24] Apart from the analgesic 
ladder, neurosurgical ablative interventions are possible, aiming to disrupt nociceptive 
pathways and thereby decreasing the transmission of pain stimuli to the central nervous 
system. For neuropathic pain alternative analgesics are recommended (antidepressants, 
anticonvulsants), acting by stabilisation of the neuron membrane. 
Pain management strategies can be systemic or local. Systemic strategies are for example 
acetaminophen or oral opioids. Also systemic antitumor chemotherapy, can be effective 
for pain control. However, side effects like nausea, drowsiness and constipation are 
frequently encountered.[25] To minimize systemic side effects, local treatment 
modalities are preferred. 
In this section of the thesis we focus on three modalities: radiotherapy (chapter 3), 
application of a local anaesthetic to painful sites ( chapter 4) and an intervention 
technique for regional pain management (chapter 5). Furthermore, an alternative 
approach to alleviate pain by listening to music is evaluated in a clinical setting 
(chapter 6). 
Radiotherapy is an antitumor therapy, that can be applied to a circumscript area, thus 
minimizing (systemic) side effects. It is an effective treatment for painful bone 
metastases. Single fraction therapy has been reported to result in 60%-70% overall 
response percentages.[26] However, the effect of radiotherapy is not immediate, but can 
take up to 3 to 4 weeks,[27] and is sometimes preceded by an increase in pain.[28;29] 
This rises the question of its appropriateness at the very end of life. Simple extrapolation 
of the data from literature is not valid, as patients with a limited survival may suffer from 
other primary tumours than long-term survivors, and have more rapidly progressive 
disease, resulting in different response rates to palliative radiotherapy. 
In chapter 3 the efficacy of radiotherapy for painful bone metastasis at the end of life is 
studied using data of the Dutch Bone Metastasis Study. Seventeen out of the 21 Dutch 
radiotherapy institutes participated in the study. Between march 1996 and September 
1998, 1157 patients with painful bone metastasis of solid tumours were randomized to 
multiple fraction (6 x 4 grays [Gy]) or single fraction (1 x 8 Gy) radiotherapy.[30;31] 
Patients who survived � 12 weeks after randomization in that study were included in our 
analysis. The median survival was 7 months after randomization.[30;31] The percentage 
of patients responding to initial treatment, time to response, survival after 
randomization, progression of pain after initial response, pain response, and number of 
retreatments were studied. Furthermore, the course of pain intensity was analyzed 
during the weeks before death. 
One of the local side-effects of radiotherapy can be skin damage. The pain associated 
with this condition may be related to local tissue injury, which may be complicated by 
infection, or to nerve injury. Silfersulfadiazine cream, a topical antimicrobial agent, is 
usually used to protect radiotherapy induced skin toxicity and it gives relieve. Lidocaine 
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is a local anaesthetic with a low toxic potential, effective in both nociceptive and 
neuropathic pain.[32] It reversibly blocks the Na+ channels in sensory nerves, resulting 
in an evaluation of the depolarisation threshold of these nerves.[33;34] In chapter 4, we 
describe five patients with painful skin damage due to radiotherapy treated with 
lidocaine added to silfersulfadiazine cream. 
If the noxious stimulus does not respond to medical therapy, or adverse effects make this 
therapy unable to tolerate, it is possible to interrupt nociceptive pathways. These 
pathways can be targeted at several area's, ranging from the peripheral nervous system 
(ie, coeliacus blockade) to the central nervous system (ie, anterior cordotomy).[35] 
These procedures can be performed surgical or percutaneous. One of the possible 
procedures is the anterior cervical cordotomy. This procedure is indicated in otherwise 
not controllable one sided pain below the Cs dermatome level in patients with limited life 
expectancy.[36] By this procedure, often performed percutaneously, the spinothalamic 
tract is disrupted at the C1-C2 level, using radiofrequency. Although immediate pain 
relief is achieved in up to 90% of treated patients,[37-39] the analgesic effect is time 
limited. After two years, in 40% of the patients the original pain recurred.[37] 
Furthermore, the procedure destructs pain pathways. This may result in the development 
of deafferentiation pain. This pain syndrome is difficult to treat, but arises in up to 10% 
of the patients three months or later after the procedure.[35] For this reasons the 
technique is reserved for patients with a limited life expectancy. Furthermore, 
complications can arise due to unwanted lesioning of structures adjacent to the lateral 
spinothalamic tract.[35] A feared complication is respiratory dysfunction, due to 
lesioning of the tractus reticulospinalis ventrolateralis, which is the main cause of the 
1-6% procedure related mortality.[38;40] Although some studies included patients with a 
follow-up of several years after percutaneous cervical cordotomy, in none of them long 
term effects of the procedure were objectively quantified.[36;37;41] In chapter 5 we 
describe a patient five years after a cordotomy. To assess the long-term effects of the 
cordotomy, an interview, physical examination and neurophysiological and 
cardiovascular function tests were performed. 
Modulation of the pain experience by music was studied in chapter 6. Sigmoidoscopy, 
in which the endoscope is introduced up to the colon transversum, is most often not 
performed under sedation, contrary to colonoscopy. Approximately 25% of the patients 
experience pain during this procedure.[42-44] Listening to music reduces anxiety and 
improves the overall experience during flexible endoscopy.[45-48] In a meta-analysis 
evaluating listening to music with regard to pain intensity during colonoscopy, no 
difference was found between patients that listened to music and those that did not.[48] 
One might argue that in all included studies reporting pain intensity, colonoscopy was 
performed using conscious sedation or intravenous analgesic medication. Pain intensity 
reports are likely to be influenced by these medications. Therefore, we studied the effect 
of listening to music on pain intensity during sigmoidoscopy, performed without 
sedation or analgesia. 
Part III Pain and health care utilization 
Health care consumption related to pain can be defined as pain behavior, according to 
Loeser's concept. The social context, experienced quality of life and pain intensity all 
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influence the use of health care facilities, as they reflect the balance between benefits 
and expenses of a treatment. The expenses (such as side effects of treatment, burden to 
come to treatment facilities) should not outweigh the benefits (such as prolonged disease 
free survival, better controlled symptoms). At the very end of life, many people want to 
stay and to be cared for at home as much as possible.[49-53] In the Netherlands, 
palliative care is mainly provided by General Practitioners. The general idea is that 
hospital based care, should be provided only as an exception. In chapter 7 we test 
whether this idea holds true for patients with painful bone metastases. During frequent 
follow-up in the Dutch Bone Metastasis Study, besides pain intensity, health care 
utilisation and quality-of-life items were measured.[30;31] Eight hundred and sixty 
(74%) patients died during the study period. Therefore, data from the DBMS provided a 
unique opportunity to analyze health care utilisation during the last weeks of life in 
cancer patients in relation to self-reported pain and quality of life. 
In chapter 8 the conclusions of the studies are summarized and suggestions regarding 
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Abstract 
Objective 
When patients cannot ind icate pain, physiological parameters may be usefu l .  We tested whether 
heart rate variabil ity (HRV) parameters, as reflection of sympathetic and vagal tone, can be used to 
quantify pain intensity. 
Design 
Prospective study. 
Subjects and Setting 
A standardized heat stimulus was applied to the forearm in 75 healthy volunteers during 3 study 
periods of 2 minutes. 
Methods 
Before and after each application pain intensity was measured by a visual analogue scale (VAS) and 
inter beat interval {IBI) was recorded . Mean and standard deviation (SD N N )  of the IBI, the power of 
the low ( LF, 0 .07 - 0 . 14 Hz) and high frequency {HF, 0 . 1 5  - 0.50 Hz) band, and LF/HF ratio were 
calculated . Log transformation resulted in normal distribution. Correlation between HRV parameters 
and pain intensity was assessed by Pearson's correlation coefficient. 
Results 
Data from 73 volunteers (44 women ) could be analyzed . The mean age was 30 ± 1 1  years. 
Compared to baseline, during all heat periods pain intensity measured by VAS increased from 
2 ± 3 mm, 3 ± 5 mm and 2 ± 4 mm, to 40 ± 20 mm,  42 ± 21 mm and 44 ± 22 mm respectively. 
Log transformed SDNN ( lnSDNN) and LF ( lnLF) decreased; lnSDNN from 4.0 ± 0.4 to 3 .9 ± 0.5,  
P = 0.002, 4.0 ± 0.4 to 3 .9  ± 0 . 5, P = 0 .016 and 4 . 1 ± 0.4 to 3 .9 ± 0 .4, P = 0.004 respectively; 
lnLF from 6.3 ± 1.0 to 6 . 1  ± 1 .2, P = 0.001, 6 .4 ± 1.0 to 6.2 ± 1 . 1 , P = 0. 019 and 6 .5 ± 1.0 to 
6.2 ± 1 . 1, P = 0.020 respectively. No correlation of any HRV parameter with VAS score was found . 
Conclusion 
H RV parameters may detect responses to heat pain, but are not suitable to assess pain intensity. 
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Introduction 
Measuring pain is complex in its nature. Pain is a subjective experience, influenced by 
psychosocial, emotional and spiritual factors.[1;2] Acknowledging this complexity, multi­
dimensional pain measurement scales have been developed.[3;4] However, in daily clini­
cal practice, one-dimensional measures, such as the visual analogue scale (VAS), are 
commonly used.[5] The VAS is a 100 mm long line on which the intensity of pain can be 
noted from no pain (o mm) to the worst pain imaginable (100 mm). Although it is an 
easy tool to use in the (outpatient) clinic, it needs patients' understanding and co-opera­
tion.[6;7] 
In clinical conditions where patients cannot indicate their pain, such as sedated patients 
on intensive care units, self reported pain measurement tools like the VAS are not useful. 
In these settings, pain intensity is measured using behavioral indicators (facial expressi­
on, sweating, clutching) and physiological parameters (heart rate, blood pressure).[8-10] 
This practice is based on the belief that pain elicits a stress response, resulting in physio -
logic changes that correlate with pain intensity. A central assumption is that the autono­
mic nervous system reacts to stress, with an increase of sympathetic and/or a decrease of 
parasympathetic tone. These changes in the sympatho-vagal balance, meant to reroute 
blood flow to the organs most in need, result in an increase in blood pressure and/ or 
heart rate.[11;12] 
However, in a clinical setting, no correlation between pain intensity and HRV parameters 
has been established until now.[13;14] 
Heart rate variability (HRV) is the fluctuation of the heart rate around the intrinsic heart 
rate.[15] Rapid fluctuations are mainly induced by the input of the autonomic nervous 
system.[15] HRV may be a measure of experienced pain intensity as the stress response 
is likely to be related to the subjective experience of pain, as established in experimental 
settings using pain stimuli shortly (up to one minute). Heart rate analysis in those stu­
dies might be influenced by the initial short increase in heart rate, after which a more 
stable heart rate during the stimulus was obtained.[16-18] 
The aim of our study was to investigate whether HRV parameters can measure pain in -
tensity induced by a standardized heat stimulus in healthy volunteers. The primary end­
point of the study was the correlation between pain intensity measured by VAS and HRV 
parameters. Secondary endpoints were changes in HRV parameters induced by the pain 
stimulus and the reproducibility of HRV parameters. 
Methods 
Volunteers 
Healthy volunteers, aged 18 years or older, without pain or altered pain sensation, not 
using medication and with no history of medical conditions possibly interfering with au­
tonomic function were eligible for this study. Volunteers were recruited by posters and 
personal communication within the University and University Medical Center Gronin­
gen, the Netherlands. 
Study design 
After providing informed consent, volunteers were randomized 2:1 to perform the study 
session once (on day 1) or twice (on day 1 and 8). The study session was performed twice 
in a subgroup to test reproducibility of the pain intensity measured by VAS and of the 
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HRV parameters. The study was approved by the medical ethical committee of our hospi­
tal. 
Study session 
Directly before a study session, the procedures were explained to the volunteers (Figure 
1). Each study session consisted of three pain periods, in which a heat stimulus was ap­
plied during two minutes. Pain periods were preceded by a 10 minute rest period. The 
last five minutes of this rest period were defined as the baseline period for the following 
heat stimulus period. 
Figure 1. Study flow diagram 
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5 min .  
[ 5 min .  Period 2 2 min .  
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Heart rate variabil ity as pain measure 
During two minutes, a heat stimulus was applied to the non-dominant volar forearm, 
using a thermode of 3 by 3 cm attached to the Medoc Pathway Sensory Evaluation sys­
tem®, Ramat Yishai, Israel. This thermode can be heated instantaneously to a desired 
temperature, whereas the heat can also be turned off instantly. A heat stimulus of 45 de­
grees Celsius will result in an adequate pain stimulus.[19;20] Our data indicate that 
when this heat stimulus is given during one minute, pain intensity on a visual analogue 
scale is rated between 40 and 50 mm initially, wearing off to less than 10 mm after 60 se­
conds. When the heat is increased every 10 seconds by 0.1 degree Celsius stable pain in­
tensity is obtained. We found that this stimulus can be given during two minutes and be 
repeated without harmful effects. Therefore, the heat stimulus started at a temperature 
of 45 degrees Celsius and increased every 10 seconds by 0.1 degree Celsius to correct for 
adaptation to the heat stimulus during the 2 minutes of application. 
Visual Analogue Scale 
Before application of the heat stimulus, volunteers were instructed how to fill out the vi­
sual analogue scale (VAS) regarding their pain intensity. The VAS consisted of a 100 mm 
long horizontal line, ranging from o mm (no pain) to 100 mm (worst pain imaginable). 
They were informed that there is no 'good' or 'wrong' answer. The volunteers were asked 
to indicate their pain intensity at baseline (before heat application) and during each heat 
application. This last pain intensity had to be indicated directly at the end of the heat ap­
plication. 
Heart Rate Variability assessment 
Heart rate was assessed by non-invasive pulse wave measurement using a Portapres® de­
vise (delivered by Finapres Medical Systems BV, Amsterdam, The Netherlands). This de­
vice uses an inflatable finger cuff with built-in photoelectric plethysmograph (volume 
clamp method of Pefiaz modified by Wesseling) to derive the pulse wave.[21;22] The cuff 
of the Portapres was placed on the middle finger of the dominant arm. All measurements 
of each patient were performed with the same cuff on the same finger. The volunteers 
were in the supine position during the study period, holding the hand with the Portapres 
cuff at heart level. Volunteers were not allowed to talk or to move during the measure­
ment, apart from putting a mark on the VAS at the required moments. During the study 
periods, the room in which the measurements were taken was quiet and of constant tern -
perature (22°C). All data derived with the Portapres were stored on a computer. 
Analysis 
Heart Rate Variability 
Analysis was performed by one trained person (JJM) blinded to the VAS outcomes. Befo­
re HRV analysis, the pulse wave data were pre-processed to exclude non-sinus rhythm, 
ectopic beats and artifacts. The HRV parameters were derived per period (baseline or 
heat stimulus). As time domain parameter, the time between two normal heart beats, the 
so called Inter Beat Interval (IBI) and the standard deviation between normal to normal 
inter beat intervals (SDNN) were measured.[15] The SDNN represents both sympathetic 
and parasympathetic tone influences.[15] The frequency domain measures were assessed 
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using spectral analysis of all consecutive inter beat intervals of each baseline or heat sti­
mulus period. The low frequency domain (LF) was defined 0.07 - 0.14 Hz, the high fre­
quency domain (HF) 0.15 - 0.50 Hz.[23] The HF band is thought to reflect respiratory 
modulation of the heart rate, and is abolished by atropine.[24] The LF band is influenced 
by both parasympathetic and sympathetic tone.[15;24] 
The time domain measures (IBI, SDNN) and frequency domain measures (LF and HF) 
were obtained by using the transfer function technique using the CARSP AN program, de­
velopped at Rijks Universiteit Groningen, Groningen, The Netherlands. [25] The natural 
logarithm of the SDNN, LF and HF was obtained to achieve a normal. distribution of the 
values. These transformed parameters are referred to as lnSDNN, lnLF and lnHF respec­
tively. As a measure of the sympathetic-vagal balance the LF /HF ratio was calculated. 
Sample size calculation 
In previous studies in horses and neonates correlations between pain intensity scores 
and HRV parameters in the order of r = 0.3 - 0.4 have been observed.[26;27] To detect a 
correlation of r = 0.35 (Pearson) between VAS and HRV with 95% power and alp­
ha = 0.05, 75 volunteers were needed. For the reproducibility study, data from 26 volun­
teers from two sessions of the study protocol were needed to detect a correlation of o.8 
between the measurements of the same individuals on two different days, based on an 
expected mean difference of 0.35 standard deviation between measurements, with a po­
wer of 80% and an alpha = 0.05. 
Statistical analysis 
One way ANOVA was used to assess whether adaptation to the heat stimulus occurred. 
To test for changes over time between the two study sessions, the intraclass correlation 
coefficients were calculated between baseline period 1, 2 and 3. This was also performed 
for the heat application periods. 
Within a study session the pain intensity measured with VAS as well as the HRV parame­
ters during the three heat application periods were tested. Differences in HRV parame­
ters between baseline and the subsequent heat stimulus period were tested using the pai­
red t-test. The Pearson correlation was calculated between the VAS scores and the HRV 
parameters of the first study session. Whether a change in a HRV parameter correlated 
to the change in pain intensity measured by VAS was studied. The change in a HRV para -
meter (the delta HRV parameter) was calculated by subtracting the HRV parameter mea­
sured during the heat application period from the HRV parameter measured during the 
preceding baseline period. Moreover, the delta pain intensity measured by VAS was cal­
culated in the same way. The Pearson correlation between the delta HRV parameter and 
the delta VAS was calculated. 
A V  AS of 40 mm or more is defined as moderate pain, indicating a need for treatment ad­
justment in a clinical situation.[28] Whether delta HRV parameters differed between the 
subgroup of volunteers who indicated a VAS 2:: 40 during heat application compared to 
the other volunteers was studied using the Student t-test. 
Results 
Volunteers 
Of the 75 volunteers, 46 (61%) were women. The mean age was 30 ± 11 years. HRV data 
from 73 volunteers could be analyzed (44 women, mean age 30 ± 11 years). Two volun­
teers had frequent ventricular extra systoles interfering with heart rate analysis. Of the 
23 volunteers randomized to perform the study protocol twice the mean age was 30 ± 10 
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years and 13 (56%) were women. HRV data from 22 volunteers could be analyzed, due to 
frequent ventricular extra systoles in one volunteer. 
Pain intensity measured by VAS 
At baseline, volunteers did not experience pain (Table 1). The heat stimulus elicited a 
mean pain intensity of 40 ± 20 mm during the first application. During the experiment 
the mean elicited pain intensity did not change (Table 1). Also during the second study 
session, the mean elicited pain intensity remained stable. Thirty-six (49%) volunteers re­
ported a pain intensity � 40 mm during the first heat application period of the first study 
session. 
Heart rate variability 
HRV parameters did not change significantly over the three baseline periods nor over the 
three heat application periods (Table 2). Compared to baseline, during all heat applicati­
on periods the lnSDNN and the lnLF decreased significantly (Table 2). 
Correlation between pain intensity measured by VAS and HRV 
parameters 
No significant correlation between pain intensity measured by VAS and any of the HRV 
parameters measured during the first study session was found (Table 3, Figure 2). 
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Table 1. Pain intensity measured by visual analogue scale (VAS) 
Study session Period VAS at baseline VAS during heat (mm) application (mm) 
I ( N = 73) 1 2 :I: 3 40 :I: 20 
2 3 :I: 5 42 :I: 21  
3 2 :I: 4 44 :I: 22 
II (N =22)  1 2 :I: 3 45 :I: 14 
2 2 :I: 4 48 :I: 15 
3 2 :I: 5 52 :I: 17 
Pain intensity measured by visual analogue scale (VAS) per study session (on day 1 (I) and, in a 
subgroup, on day 8 (II))  for each period within the study session at baseline and during heat 
application. No significant differences were found between the three baseline periods or the heat 
application periods within one study session . 
Table 2. HRV parameters per study period (data from the first study session) 
H RV parameter 
1 
IBI (msec) Baseline 9 10 :I: 1 8 1  
Heat application 9 1 1  :I: 181  
p b  NS 
lnSDNN Baseline 4.0 :I: 0.4 
Heat application 3.9 :I: 0.5 
p b  0.002 
lnLF Baseline 6.3 :I: 1 .0 
Heat application 6 . 1  :I: 1 . 2  
p b  0.001 
lnHF Baseline 6.7 :I: 1 . 2  
Heat application 6.6 :I: 1 .3  
p b  0.013 
LF/HF Baseli ne 1 . 1  :I: 1 .4 
Heat application 1 . 0  :I: 1 . 4  
p b  NS 
Sig nificance level P < 0.05; NS: not significant. 
er 
Mean ± Standard Deviation 
eriod within first stud session 
2 3 P for trenda 
943 :I: 177 978 ± 179 NS 
943 ± 1 79 976 ± 183 NS 
NS NS 
4.0 ± 0.4 4.1 ± 0.4 NS 
3 .9 ± 0 .5  4.0 ± 0 .4 NS 
0.016 0.004 
6 .4  ± 1 .0  6 .5  ± 1 . 0  N S  
6 . 2  ± 1 . 1  6 .2 ± 1 . 1  NS 
0 .019 0.020 
6 . 8  ± 1 .2  6 .9 ± 1 . 1  NS 
6.7 ± 1 . 2  6 . 8  ± 1 .2  NS 
NS NS 
1 . 1  ± 1 . 3  1 . 1  ± 1 .3  NS 
0 . 9  ± 1 . 1  0 .9  ± 1 .4 NS 
NS NS 
a Significance level of the change of VAS or HRV parameter between baseline and heat 
application, within a study period, tested using paired t-test. 
Significance level of the change of VAS or HRV parameter over the periods within the first 
study, tested with ANOVA. Significance level P < 0.05;  NS : not significant. 











-0 . 136 
0.026 
Pearson correlation per study period 
2 3 
-0 . 182 -0 . 1 56 
-0 .083 -0.081 
-0.083 -0.096 
- 0.026 -0.091 
-0.023 0 .008 
Pearson correlation between perceived pain intensity measured with VAS and HRV parameters 
during heat application of the first study session (n=73) .  None of the correlations was significant at 
the P < 0.05 level . 
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Reproducibility The intraclass correlation coefficients of the two study sessions were assessed for pain in -tensity measured by VAS and HRV measures (Table 4). During baseline the intraclass correlation coefficient was low for pain intensity measured by VAS. All HRV measures did have reasonable to good intraclass correlation coefficients, apart from the LF /HF. 
Table 4. Intraclass correlation coefficients of the first and second study session. 
Mean ± standard deviation Intraclass 
Parameter Period per study session correlation 
I (n=22) II (n= 22) coefficient 
VAS (mm) Baseline 1 2 ± 3  2 ± 3  0. 102 
2 2 ± 3  2 ± 4  0.302 
3 2 ± 3  2 ± 5  0 .206 
Heat appl ication 1 44 ± 18 45 ± 14 0 .583 
2 50 ± 17 48 ± 15 0.767 
3 53 ± 17 52 ± 17 0.892 
IBI (msec) Baseli ne 1 928 ± 2 13 931 ± 206 0.858 
2 961 ± 199 987 ± 205 0.927 
3 994 ± 217 1006 ± 196 0.890 
Heat application 1 922 ± 198 940 ± 194 0.828 
2 955 ± 200 982 ± 197 0.896 
3 991 ± 203 1002 ± 205 0 .910 
lnSDNN Baseline 1 4.0 ± 0 .3  3 .9 ± 0 .5  0 .670 
2 4.0 ± 0 .4  4 .0  ± 0 .5  0 .812 
3 4 . 1  ± 0.4 4.1 ± 0.5 0.710 
Heat appl ication 1 3 .9 ± 0.4 3 .8  ± 0.5 0 .702 
2 3.9 ± 0.4 3 .9  ± 0 .6 0.700 
3 4 . 1  ± 0 .4 3 .9  ± 0 .5  0 .595 
lnLF Baseline 1 6 .6 ± 0 .7  6 .3  ± 1 .0  0.707 
2 6 .5 ± 1 .0  6 .6  ± 1 .2  0 .722 
3 6 .5 ± 0 .7 6 .7 ± 1 .0 0.636 
Heat application 1 6 .3  ± 0 .9  6 . 1  ± 1 .0  0.539 
2 6 .3  ± 0 .9  6 .2  ± 1 .4 0.581 
3 6 .5 ± 0.9 6 .2  ± 1 . 1  0 .576 
lnHF Baseline 1 6 .8 ± 1 .0  6 .6  ± 1 .0  0.784 
2 6.9 ± 1 .0  6.9 ± 1 .4  0.838 
3 6.9 ± 1 .0  7 .0 ± 1 .0  0 .721 
Heat appl ication 1 6.7 ± 1 . 1  6 . 6  ± 1 . 2  0 .851 
2 6.9 ± 1 . 1  6 . 7  ± 1 .3  0.772 
3 7 . 1  ± 1 .0  6 .6  ± 1 .0  0.647 
LF/HF Baseline 1 1 .4 ± 1 . 0  1 . 1  ± 0 .9  0 .334 
2 1 .0 ± 0.9 1 .0 ± 0 .7 0 .605 
3 1 .0  ± 1 .2  1 .0  ± 0 .5  0.417 
Heat appl ication 1 1 . 1  ± 1 .3  1 .0  ± 1 .3  0 .907 
2 0.7 ± 0 . 5  1 . 1  ± 1 .4 0 . 171 
3 0 .8  ± 0 .8  0.9 ± 0.9 0. 160 
Correlations Despite the significant change in lnSDNN and lnLF between the heat application period and the preceding baseline period, no significant correlation was found between delta pain intensity measured by VAS and delta lnSDNN nor between delta VAS measurement and delta lnLF. The delta HRV parameters did not differ significantly between volunteers 
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who indicated a VAS of less than 40 mm or at least 40 mm during heat application (Ta -
ble 5). 
Table 5. Analysis of HRV response in volunteers reporting VAS < 40 mm or 2: 40 mm duri ng heat 
application. 
Pain intensity (VAS) during heat stimulus 
HRV 
Period <40 mm 2!40 mm p Parameter 
n mean :I: SD n mean :I: SD 
Delta IBI (msec) 1 37 5 .6 ± 44.6 36 -5 . 1  ± 36.6 NS 
2 34 3.3 ± 39.2 39 - 1 .6 ± 39.8 NS 
3 30 4.7 ± 42. 5  43 -2. 1 ± 37.2 NS 
Delta lnSDNN 1 37 -0.08 ± 0.24 36 -0. 12 ± 0.28 NS 
2 34 -0.07 ± 0.28 39 -0.09 ± 0.28 NS 
3 30 -0.06 ± 0.28 43 -0. 10 ± 0.28 NS 
Delta lnLF 1 37 -0 . 19 ± 0.53 36 -0 .32 ± 0.71  NS 
2 34 -0.18 ± 0 .78 39 -0.23 ± 0.74 NS 
3 30 -0 . 18 ± 0.60 43 -0.23 ± 0.85 NS 
Delta lnHF 1 37 -0.06 ± 0.44 36 -0.22 ± 0.48 NS 
2 34 -0. 1 1  ± 0 .42 39 -0.04 ± 0.46 NS 
3 30 -0.09 ± 0.42 43 -0 .06 ± 0.45 NS 
Delta LF/HF 1 37 -0.13  ± 0.55 36 -0. 10 ± 0.68 NS 
2 34 -0.10 ± 0 .70 39 -0.22 ± 1.55 NS 
3 30 -0.06 ± 0.60 43 -0.24 ± 1 .52 NS 
Comparison of delta HRV parameters between volunteers reporting VAS < 40 mm and volunteers 
reporting VAS 2: 40 mm, during the heat application in the first study session. Results are 
presented per period. The delta HRV parameter is defined by the d ifference in HRV parameter 
during heat appl ication and the preceding baseline period. 
Significance level P < 0.05 ; tested with student t test. NS : not significant. SD: standard deviation. Discussion 
Despite significant changes in HRV parameters during heat application compared to ba -
seline, no correlation between pain intensity measured by VAS and HRV parameters was 
found in this study. 
During all three heat application periods the lnSDNN and lnLF were significantly lower 
compared to the preceding baseline periods. This finding corresponds with results of pre­
vious studies.[16;18] In one study, pain unpleasantness (but not pain intensity), elicited 
by a 4 degree Celsius cold plate, was negatively correlated to the LF in 59 male students. 
[16] Although the LF band is influenced by both parasympathetic and sympathetic tone, 
it is regarded to reflect mainly the parasympathetic tone, as atropine almost abolished 
the LF peak in an experimental setting.[24] This suggests that the decrease in lnLF du­
ring heat application found in our study is due to a decrease in parasympathetic tone. 
The other study measured heart rate, heart rate variability, skin conductance level, num -
her of skin conduction fluctuations and photoplethysmographic pulse wave amplitude 
during heat application in 55 volunteers. Three levels of pain intensity Oow, medium and 
high) were calibrated individually.[18] All of the parameters successfully discriminated 
between no pain and pain. However, none of the parameters differentiated between all 3 
pain categories. In contrast to each single autonomic parameter, a linear combination of 
parameters significantly discriminated not only between pain and no pain, but also bet­
ween all pain categories. The authors did not report on the correlation between experien -
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ced pain and autonomic responses. However, by individual calibration of the experienced 
pain levels, this study anticipated the lack of a correlation between experienced pain and 
autonomic responses during a standard stimulus by heat application. This approach 
made it possible to study, within individuals (and not between individuals), the relation 
between experienced pain level and autonomic responses. In their model, pain was indu­
ced during sixty seconds. Within that time frame, observations of heart rate and heart 
rate variability might be largely influenced by the initial heart rate increase at the mo­
ment the painful stimulus is delivered, as has been shown previously.[17] To be of use in 
the clinical practice, HRV parameters should not only be discriminative at the early onset 
of pain, but especially for the measurement of chronic pain. A recent study in 84 pos­
t-operative patients addressed the application on HRV parameters in a clinical setting. 
[13] In that study, pain was induced by minor surgical procedures, i.e. elective orthopedic 
surgery distal of elbow or knee joint or plastic surgery. During admission in the postope­
rative anesthetic care unit (P ACU) pain intensity was rated every five minutes by nume­
ric rating scale (ranging from o, no pain, to 10, unbearable pain). Heart rate was measu­
red continuously by electrocardiography. The median pain intensity on admission to the 
P ACU was 4, and decreased to 3 on discharge. If the score was above 3, patients received 
fentanyl intravenously. 
Comparable to our results, no correlation between pain intensity and physiologic para -
meters of the sympathetic-mediated stress response was found. Whether medication in­
fluenced HRV assessment is questioned. It has been argumented that these findings are 
not surprising as behavioral context influences the pain experience.[29] In our study, the 
behavioral context was standardized as much as possible. Volunteers were aware of the 
induction of pain and could habituate to the pain stimulus. However, throughout our stu­
dy pain intensity caused by the heat application within an individual remained unchan­
ged. Also the baseline HRV parameters did not shift during the study periods. Therefore, 
it is unlikely that the pain stimulus was anticipated by the volunteers and influenced the 
autonomic response. Moreover, the intraclass correlation coefficients of HRV parameters 
indicate reasonable reproducibility of the measurements after one week, except for the 
LF /HF. Therefore, our results obtained in healthy volunteers within a standardized set­
ting affirm the conclusion of the clinical study that no meaningful relation exists between 
HRV measures and pain intensity. 
The absence of any correlation between HRV parameters and pain intensity measured by 
VAS questions the general conception that pain elicits a stress response resulting in phy­
siologic changes that correlate with pain intensity. This conception is based on observati­
ons that pain resulted in changes in sympathetic and parasympathetic parameters. 
[11;12;16;18] The absence of a correlation between these changes and pain intensity may 
not be that surprisingly, as suggested by Janig.[29] Apart from the nociceptive stimulus, 
the affective-motivational perception, the cognitive-evaluative meaning and the social 
context of someone, will influence the individual reaction to pain.[30] Furthermore, neu­
rophysiologic imaging studies suggest that the autonomic response to pain is part of in -
terrelated somatic, autonomous and neuro-endocrine reactions, with internal feedback 
mechanisms to affective-motivational and cognitive-evaluative centres.[31-35] Therefore, 
the reaction to pain seems not a straight forward stress response suitable for objective 
measurement. 
No difference was found in the HRV response between volunteers indicating their pain as 
at least 40 mm during heat application with regard to volunteers who did report a lower 
score. This further supports the conclusion that HRV parameters cannot be used to mea -
sure pain intensity. 
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A weakness of our present study may be that the study population consisted of relatively 
young volunteers, without medication or co-morbidity, tested in preset controlled condi­
tions. This setting is completely different to clinical reality of pain measurement. In con­
trast with the clinic, during the study the pain stimulus was controlled, of a determined 
length, known to the volunteer. This might have influenced the autonomic response. Fur­
thermore, in clinical practice many more interfering factors are present, like disease, co­
morbidity and medication, which are likely to obscure a possible correlation between 
pain intensity and HRV parameters. 
Possibly the heat stimulus itself caused the HRV response. This is suggested by a study in 
sixty healthy volunteers, who immersed their left hand in hot (47 degrees Celsius) and 
cold (7 degrees Celsius) water.[36] The power of LF and HF was found to decrease du­
ring immersion in hot water, while the LF and HF power increased during immersion in 
cold water. This might be induced by systemic vasomotor changes rather than autonomic 
responses to perceived pain as both heat and cold might be painful.[36] As in our study 
only one noxious stimulus with constant intensity was used, this suggestion could not be 
tested. 
Respiration has not been registered during this study. However, changes in respiration 
rate are likely to be reflected in the HF band, which was not detectable in our results. 
Moreover, gender effects can have contributed to the found study results.[37;38] Our 
study sample was too small to test this hypothesis. 
We conclude that heat application lowers SDNN and LF, but no association exists bet­
ween the experienced pain intensity and HRV parameters. Therefore, we confirm that 
HRV parameters detect responses to heat pain, but do not seem suitable to assess pain 
intensity in a clinical setting. 
Aclmowledgement 
The authors thank Jan G.M. Burgerhof, PhD, of the Department of Epidemiology of the 
University of Groningen, Groningen, The Netherlands, for his suggestions for and the cri­
tical appraisal of the statistical paragraph of this manuscript. 
33 
Chapter 2 
Reference List 34 1. Greenstreet W. The concept of total pain: a focused patient care study. Br J Nurs 2001; 10: 1248-55. 2. Saunders C, Sykes N. The management of terminal malignant disease. London: Hospital Medicine Publications, 1993. 3. Cleeland CS. Measurement of pain by subjective report. In: Chapman CR, Loeser JD, eds. Advances in pain research and management. Vol. 12. New York: Raven Press, 1989: 391-403. 4. Melzack R. The McGill pain questionnaire (major properties and scoring methods). Pain 1975; 1: 277-99. 5. Flaherty SA. Pain measurement tools for clinical practice and research. AANA J 1996; 64: 133-40. 6. Gagliese L, Weizblit N, Ellis W, Chan VWS. The measurement of postoperative pain: A comparison of intensity scales in younger and older surgical patients. Pain 2005; 117: 412-20. 7. Jensen MP. The validity and reliability of pain measures in adults with cancer. J Pain 2003; 4: 2-21. 8. Arbour C, Gelinas C. Are vital signs valid indicators for the assessment of pain in postoperative cardiac surgery ICU adults? Intensive Crit Care Nurs 2010; 26: 83-90. 9. Li D, Puntillo K, Miaskowski C. A review of objective pain measures for use with critical care adult patients unable to self-report. J Pain 2008; 9: 2-10. 10. Walter-Nicolet E, Annequin D, Biran V, Mitanchez D, Tourniaire B. Pain management in newborns: from prevention to treatment. Paediatr Drugs 2010; 12: 353-65. 11. Bruehl S, Chung OY. Interactions between the cardiovascular and pain regulatory systems: an updated review of mechanisms and possible alterations in chronic pain. Neurosci Biobehav Rev 2004; 28: 395-414. 12. Lindh V, Wiklund U, Hakansson S. Heel lancing in term new-born infants: an evaluation of pain by frequency domain analysis of heart rate variability. Pain 1999; Bo: 143-48. 13. Ledowski T, Reimer M, Chavez V, Kapoor V, Wenk M. Effects of acute postoperative pain on catecholamine plasma levels, hemodynamic parameters, and cardiac autonomic control. Pain 2012; 153: 759-64. 14. Janig W. Systemic and specific autonomic reactions in pain: efferent, afferent and endocrine components. Eur J Anaesthesiol 1985; 2: 319-436. 15. Heart rate variability: standards of measurement, physiological interpretation and clinical use. Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology. Circulation 1996; 93: 1043-65. 16. Appelhans BM, Luecken LJ. Heart rate variability and pain: Associations of two interrelated homeostatic processes. Biol Psychol 2008; 77: 174-82. 17. Loggia ML, Juneau M, Bushnell MC. Autonomic responses to heat pain: Heart rate, skin conductance, and their relation to verbal ratings and stimulus intensity. Pain 2011; 152: 592-8. 18. Treister R, Kliger M, Zuckerman G, Aryeh IG, Eisenberg E. Differentiating between heat pain intensities: the combined effect of multiple autonomic parameters. Pain 2012; 153: 1807-14. 19. Granovsky Y, Granat M, Nir RR, Yarnitsky D. Objective correlate of subjective pain perception by contact heat-evoked potentials. J Pain 2008; 9: 53-63. 20. Neisser U. Temperature thresholds for cutaneous pain. J Appl Physiol 1959; 14: 368-72. 21. Pefiaz J. Photo-electric measurement of blood pressure, volume and flow in the finger. In: Albert R, Vogt W, Helbig W, eds. Digest of the 10th International conference on Medical and Biological Engineering. Dresden: 1973: 104. 22. Wesseling KH. Finapres, continuous noninvasive finger arterial pressure based on the method of Pefiaz. In: Ruddel H, Curio I, eds. Noninvasive continuous blood pressure measurement. Frankfurt am Main: Verlag Peter Lang GmbH, 1991: 9-17. 
Heart rate variabi l ity as pain measure 
23. Mulder Ll. Measurement and analysis methods of heart rate and respiration for use in 
applied environments. Biol Psychol. 1992; 34: 205-36. 
24. Kleiger RE, Stein PK, Bigger JT, Jr. Heart rate variability: measurement and clinical 
utility. Ann Noninvasive Electrocardiol 2005; 10: 88-101. 
25. Mulder WM, van Dellen HJ, van der Meulen P, Opheikens B. CARSPAN: a spectral 
analysis program for cardiovascular time series. In: Maarse FJ, Mulder I...JM, Sjouw W, 
Akkerman A, eds. Computers in psychology: methods, Instrumentation and 
Psychodiagnostics. Lisse: Swets & Zeitlinger, 1988: 39-47. 
26. Rietmann TR, Stauffacher M, Bernasconi P, Auer JA, Weishaupt MA. The association 
between heart rate, heart rate variability, endocrine and behavioural pain measures in 
horses suffering from laminitis. J Vet Med A Physiol Pathol Clin Med 2004; 51: 218-25. 
27. van Dijk M, de Boer JB, Koot HM, et al. The association between physiological and 
behavioral pain measures in o- to 3-year-old infants after major surgery. J Pain Symptom 
Manage 2001; 22: 600-09. 
28. World Health Organization (WHO). Cancer pain relief, edition 2. Geneva: 1996. 
29. Janig W. Autonomic reactions in pain. Pain 2012; 153: 733-5. 
30. Loeser JD. Perspectives on pain. In: Turther P, editor. Clinical pharmacy and 
therapeutics. London: Macmillan, 1980, 313-316. 
31. Peyron R, Laurent B, Garcia-Larrea L. Functional imaging of brain responses to pain. A 
review and meta-analysis (2000). Neurophysiol Clin 2000; 30: 263-288. 
32. Schnitzler A, Ploner M. Neurophysiology and functional neuroanatomy of pain 
perception. J Clin Neurophysiol 2000; 17: 592-603. 
33. Neugebauer V, Galhardo V, Maione S, Mackey SC. Forebrain pain mechanisms. Brain Res 
Rev 2009; 60: 226-242. 
34. Hayes DJ, Northoff G. Common brain activations for painful and non-painful aversive 
stimuli. BMC Neurosci 2012; 13: 60. 
35. Farmer MA, Baliki MN, Apkarian AV. A dynamic network perspective of chronic pain. 
Neurosci Lett 2012; 520: 197-203. 
36. Huang CM, Chang HC, Kao ST, et al. Radial pressure pulse and heart rate variability in 
heat- and cold-stressed humans. Evid Based Complement Alternat Med 2011; 17: 945-52. 
37. Aslaksen PM, Myrbakk IN, H0ifodt RS, Flaten MA. The effect of experimenter gender on 
autonomic and subjective responses to pain stimuli. Pain 2007; 129: 260-8. 
38. Tousignant-Laflamme Y, Rainville P, Marchand S. Establishing a link between heart rate 







Efficacy of radiotherapy for painfu l bone 
metastases during the last 1 2  weeks of l ife ; 
resu lts from the Dutch Bone Metastasis Study 
Jan J. Meeuse M.D. 
Yvette M. van der Linden M.D., Ph.D. 
Geertjan van Tienhoven M.D., Ph.D. 
Prof Rijk O.B. Gans Ph.D. 
Prof Jan Willem H. Leer M.D., Ph.D. 
An K.L. Reyners M.D., Ph.D. 
(for the Dutch Bone Metastasis Study Group) 
Published in: Cancer. 2010;116(11):2716-25 
Abstract 
Background 
Radiotherapy is an effective treatment for painful bone metastases. Whether this applies also in  
patients with a l imited survival remains to be investigated . 
This study analyzed the effect of radiotherapy for painful bone metastases in patients with a 
survival s 12 weeks. 
Methods 
In the Dutch Bone Metastasis Study, 1 157 patients with painful bone metastases were randomized 
to single fraction (1 x 8 grays [Gy] ) or multiple fractions (6 x 4 Gy) radiotherapy. Patients who died 
within 12 weeks after randomization were included in  this analysis. Patients were classified as 
responder or nonresponder, based on their pain response to radiotherapy. This response was 
calculated considering changes in pain intensity (measured with an 1 1  point numeric rating scale) 
and analgesic usage. Cox proportional hazards models were used to analyze pain response and 
survival. 
Results 
Two hundred and seventy four patients were included in this analysis. At randomization, the mean 
pain intensity score ( ±  standard deviation) was 7 ( ±2) .  The proportion showing a pain response did 
not differ between the single fraction and multiple fraction groups. Towards death, pain intensity 
score decreased to 5 ( ±3) in  responders (45%), whereas in nonresponders (55%) no change was 
observed. Despite the benefit in responders, in 60% of al l  patients pain intensity remained 5 after 
randomization. 
Conclusions 
Pain responded in about half of the patients who survived S 1 2  weeks after randomization into the 
Dutch Bone Metastasis Study. When considering radiotherapy, single fraction should be preferred . 
Additional pall iative measures remain essential for adequate pain control . 
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Introduction 
Pain is a common symptom in cancer patients: up to 86% of the patients with advanced 
cancer suffer from pain.[1] Pain is caused by bone metastases in 31% to 42% of these 
patients.[2;3] Radiotherapy, which can be administered in single or multiple fractions 
regimens, is an important palliative treatment modality for painful bone metastases. 
Based upon a large number of randomized trials single fraction is considered to be the 
standard regimen for uncomplicated metastatic bone pain with a pain response in about 
70% of the patients.[4-13] Single fraction radiotherapy is an 1-day treatment, convenient 
for both patients and their relatives, and radiotherapy departments.[14] 
However, the efficacy of palliative radiotherapy in patients with a short survival after 
radiotherapy has never been assessed. Simple extrapolation of the data from literature is 
not valid, as patients with a limited survival may suffer from other primary tumors than 
long-term survivors, and have more rapidly progressive disease, resulting in different 
response rates to palliative radiotherapy. Furthermore, the decrease in pain after 
radiotherapy is not immediate, but can take up to 3 to 4 weeks,[12] and is sometimes 
preceded by an increase in pain.[15;16] As a result, it is possible that patients with a short 
life expectancy may benefit less from this treatment modality. Knowledge of the efficacy 
in patients with a limited survival after palliative radiotherapy for painful bone 
metastases is relevant for clinical decision making at the end of life. 
The Dutch Bone Metastasis Study randomized 1157 patients with painful bone metastasis 
to multiple fractions (6 x 4 grays [Gy]) or single fraction (1 x 8 Gy) radiotherapy.[9;12] 
The median survival was 7 months after randomization. Pain responded in 71 % of the 
patients.[9;12] 
To study the efficacy of palliative radiotherapy for pain because of bone metastasis in the 
last weeks of life, we performed a sub-analysis of the Dutch Bone Metastasis Study. 
Patients who survived s;12 weeks after randomization were included in this analysis. 
Material and methods 
Patients 
A detailed description of the in- and exclusion criteria, as well as the baseline and follow­
up measurements in the Dutch Bone Metastasis Study, has been published previously. 
[9;12;17] In summary, between March 1996 and September 1998, 1157 patients with 
painful bone metastases from solid tumors were included. The Medical Ethics 
Committees of all 17 participating institutions approved the study. 
Patients had a pain intensity of at least 2 on an 11 point numeric rating scale (ranging 
from o = no pain to 10 = worst imaginable pain). All included patients gave informed 
consent. The objective of the study was to prove the equal effectiveness of single fraction 
(1 fraction of 8 Gy) versus multiple fraction (6 fractions of 4 Gy) in palliating pain; the 
endpoint was response to pain.[9] Patients were randomized to either radiotherapy 
regimen. Additional medical management was left at the decision of the treating 
physician. After baseline measurements at randomization, weekly questionnaires were 
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sent during the first 12 weeks. Thereafter, monthly questionnaires were sent. The 
questionnaires concerned the maximal pain intensity in the treated area, and analgesic 
usage, during the preceding week. 
The current analysis focuses on the patients who died during the weekly follow-up period 
of the DBMS and thus survived �12 weeks after randomization. 
Response definition 
Pain response was calculated using the International Bone Metastases Consensus 
Working Party Guidelines, which take into account changes in pain intensity score and 
the administration of analgesics.[9;17;18] These guidelines use the WHO analgesic 
phases[19] to define analgesic increase or decrease. 
An analgesic increase was defined as a change from phase 1 (nonopioid analgesics like 
acetaminophen and nonsteroidal anti-inflammatory drugs) or phase 2 (weak opioids) to 
phase 3 (strong opioids like morphine) or phase 4 (nonoral administration of opioids). 
An analgesic decrease was defined as stopping phase 3 or 4 analgesics. A pain response 
was defined as 1) a decrease in the initial pain intensity score by at least two points on the 
11 points numeric rating scale, without an analgesic increase; or 2) an analgesic decrease 
without increase in pain. Progression of pain after initial response was defined as 1) an 
increase in pain with return to the initial pain score or higher, without analgesic increase; 
or 2) an analgesic increase, irrespective of the pain score. 
Pain response was calculated if at least two successive follow-up pain scores were 
available. A patient was classified as responder if in at least 1 follow-up questionnaire the 
response criteria were met. [9;17;18] Time to response and time to progression were 
calculated from the date of randomization. 
Baseline characteristics 
As the analysis of patients who survived �12 weeks after randomization was not planned 
at the onset of the trial, the baseline characteristics between both treatment arms were 
compared: age, sex, Karnofsky performance status (KPS), primary tumor, time from 
diagnosis of the primary tumor until randomization, treatment site, presence of visceral 
metastases, phase 3 or 4 analgesic medication, concomitant systemic treatment, and pain 
intensity at randomization. 
As the selection of the subgroup was not at random, the baseline characteristics were also 
compared with the patients who survived longer. 
Measures of outcome 
The percentage of patients responding to initial treatment, time to response, survival 
after randomization, progression of pain after initial response, the net pain response and 
number of retreatments were studied. The net pain response is the duration of the 
response, standardized for survival after randomization. Uncontrolled pain is defined as 
a pain intensity score �s, and should prompt medical intervention aimed to reduce pain. 
[20-22] Therefore, the percentages of patients in whom pain intensity remained �5 were 
calculated as an additional measure of outcome. 
The course of pain intensity was analyzed during the weeks before death. For each 
questionnaire, the time before death was calculated. This enabled us to change the time­
line from 'time after randomization' to 'time before death'. 
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Statistical analysis 
The statistical software package SPSS 14.0 for Windows (SPSS INC., Chicago, IL., USA) 
was used. Mann-Whitney tests were used to compare quantitative and ordered variables; 
Chi-squared tests were used to compare proportions for baseline characteristics and to 
compare response rates between the primary tumor groups. Kaplan-Meier statistics were 
used for survival curves. Cox proportional hazards models were used to analyze pain 
response and survival. For further detail, the response rates were also calculated per 
survival cohort (o to 4, 4 to 8 and 8 to 12 weeks survival after randomization). In some 
patients, because of missing data, no pain response could be calculated following the 
International Bone Metastases Consensus Working Party Guidelines. These patients 
were analyzed as non-responders in the intention to treat analysis, as incompleteness of 
data might not be independent from the pain response. Apart from the intention to treat 
analysis, the pain response was also calculated in assessable patients, excluding patients 
for whom no pain response could be calculated, as well as patients who did not receive or 
complete the radiotherapy regimen they were assigned to. Univariate Cox proportional 
hazards models were used to test whether the baseline characteristics at randomization 
were related to achieving a pain response. Stratification per primary tumor was 
performed, as response percentages differed between primary tumor groups in the 
original Dutch Bone Metastasis Study.[9] The differences in pain response between each 
primary tumor group with all clustered others were tested using univariate Cox 
proportional hazard models. The differences in time to response, net pain response and 
pain intensity levels at randomization, as well as during the week before death were 
tested using Mann-Whitney tests. To study the effect of limited survival after 
randomization on the sensitivity to radiotherapy for the different primary tumors, 
response percentages were analyzed separately per primary tumor group for patients 
who survived �12 weeks after randomization versus patients who survived > 12 weeks. 
Ninety-five percent confidence intervals (Cis) are provided to address the clinical 
relevance of outcomes. P values are based on two-sided tests, and considered significant 
if P < .05. 
Results 
Baseline characteristics 
Of the 1157 patients included in the Dutch Bone Metastasis Study, 274 (23.7%) patients 
survived �12 weeks after randomization. Their primary tumor was located in the lung in 
47%, in the breast in 18% and in the prostate in 16%. In the remaining 19% the primary 
tumor was located in the gastrointestinal tract in 17 patients, in the urinary bladder in 12 
patients and originating from an unknown tumor in 17 patients. 138 Patients (50%) were 
randomized to the multiple fraction, 136 (50%) to the single fraction regimen. The 
treatment groups did not differ in baseline characteristics (Table 1). Fifteen percent of 




Table 1. Baseline characteristics at randomization per treatment regimen in 274 patients surviving 
s 12 weeks after randomization within the Dutch Bone Metastasis Study. 
Characteristic 













Time after diagnosis, median months (range) 







Visceral metastases, % 
Absent 
Present 
Phase 3/4 analgesic medication, % b 
No 
Yes 
Systemic treatment, % 
No 
Yes 
Pain score on NRS, mean (SD) c 
6 x 4 Gy 
n = 138 
65 ( 1 1 )  





















3 1  
7 (2) 
1 X 8 Gy 
n= 136 


































Gy indicates grays; SD, standard deviation; KPS, Karnofsky performance status, a conditional 
score ranging from 0 (death) to 100 (no complaints at al l )  
• P was calculated with Mann- Whitney U test for quantitative and ordered variables; Chi-square 
tests for proportions. 
Phase 3 analgesic medication was comprised of opioids such as morphine, whereas phase 4 
analgesic medication was compromised of the non-oral ad ministration of opioids 
Pain score at randomization on a 1 1-point numeric rating scale, ranging from 0 (no pain) to 10 
(worst imaginable pain) 
Response to treatment 
Response to treatment could be calculated in 91% of the 274 patients. These patients 
returned 1171 out of 1815 follow-up questionnaires (response percentage: 64%). For 26 
(9%) patients, no follow-up questionnaires were returned. In these patients, response 
could not be calculated, and they were therefore counted as non-responders in this study. 
Thirty-one patients (11%) did not start (n=7) or complete (n=24) the radiotherapeutic 
regimen they were assigned to. All patients who did not complete their regimen were 
assigned to the multiple fractions regimen. As there was overlap in the patients from 
whom no pain response could be calculated, or who did not start or complete their 
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radiotherapy, 46 patients were not assessable. These 46 patients did not differ in their 
baseline characteristics compared to the other patients, besides from initial pain 
intensity (mean ± standard deviation, respectively: 8 ± 2 versus 7 ± 2, P = .03) and KPS 
(56 ± 18 versus 64 ± 16, P = .002). Also, the mean survival time after randomization was 
shorter: 5 ± 4 weeks versus 7 ± 3 weeks, P < .001. 
The response percentage of patients treated with multiple fraction was 44%, with single 
fraction 47% (hazard ratio [HR], 1.1; 95% CI, 0.7-1.5; P = .78) (Figure 1) (Table 2) using 
the intention to treat analysis, and 56% versus 53% in the assessable patients (HR, 1.0, 
95% CI; 0.7-1.4; P = .82). Only 5 patients, all in the single fraction group, were classified 
as responders based on stopping opioid usages without pain intensity increment. In both 
treatment groups, the median time to response was 2 (range, 1-9) weeks. During the first 
2 weeks after randomization, 21 patients (8%) died. Of 4 of these patients, no follow-up 
questionnaire was available. Other response characteristics, progression of pain after 
initial response, re-treatment, net pain response did not differ between both treatment 
groups (Table 2). Table 3 presents the pain responses per survival cohort intention to 
treat as well as in assessable patients), as well as their time to pain response and the 
number of weeks of follow-up. The pain responses (using intention to treat) per survival 
cohort were 18%, 48% and 60% for o to 4, 4 to 8 and 8 to 12 weeks survival, respectively. 
In all survival cohorts, the median time of follow-up was in the upper range of the time to 
pain response. 
Figure 1. Time to response after randomization per treatment regimen (6 x 4 grays [Gy] or 
1 x 8 Gy) is shown in 274 patients surviving :5 12 weeks after randomization within the Dutch Bone 
Metastasis Study. 
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Table 2. Survival after randomization and response to radiotherapy per treatment regimen in 274 
patients surviving �12 weeks after randomization within the Dutch Bone Metastasis Study 
Characteristic 
6 x 4 G}'l 1 x 8 G}'l pa HR (95%CI) b n= 138 n= 136 
Survival after randomization, median weeks 6.5 (0-12) 7.1 (0-12) .079 1 .2  ( 1 .0-1 .6) 
(range) 
Started with radiotherapy .609 0.6 (0 . 1-3.8) 
Yes 135 134 
No 3 2 
Time from randomization to start 4 (0-29) 2 (0-31)  . 101 0.8 (0.6-1.0) 
radiotherapy, median days (range) 
Radiotherapy completed .025 0.0 (0 .0-0.6) 
Yes 1 16 134 
No 19 0 
Pain response 
Intention to treat 60 (44%) 64 (47%) .778 1 . 1  (0.7-1 .5)  
In assessable patients 59 (56%) 64 ( 53%) .820 1 .0 (0.7-1 .4) 
Type of pain response .259 62.9 (0 .0- > 100.0) 
Decrease in pain intensity 60 ( 100%) 59 (92%) 
Stop of opioids, without increase in pain 0 (0%) 5 (8%) 
intensity 
Time to response; median weeks (range) 2 ( 1-9) 2 ( 1-9) .541 
Net Pain Response, median % (range) c 67 (8-91 )  63  (9-91 )  .857 
Pain progression after initial response .412 1.3 (0.7-2.6) 
No 46 (77%) 44 (69%) 
Yes 14 (23%) 20 (31%) 
Retreatment .745 1 .2  (0 .3-4.7) 
No 135 (98%) 126 (93%) 
Yes 3 (2%l 10 (7%l 
Gy indicates grays; HR, hazard ratio; CI, confidence interval . 
a P was calculated with Cox proportional hazard model, except time to pain response and Net 
Pain Response, which was tested using the Mann-Whitney U test. 
The HR was calculated with Cox proportional hazard model . 
Net Pain Response is the percentage of weeks of life after randomization that the patient is in 
remission and was calculated only in responders to therapy. 
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The course of the pain intensity during the weeks after randomization is depicted in 
Figure 2. For the whole period the pain intensity scores were not significantly different 
between both treatment groups. 
No baseline characteristics (age, KPS, primary tumor site, time after diagnosis, treatment 
site, presence of visceral metastases, phase 3-4 analgesic usage, systemic treatment or 
pain score at randomization) could predict the achievement of a pain response, apart 
from sex (man vs woman: HR, 0.5; 95% CI, 0-4-1.0; P = .04). No differences were found 
between primary tumor groups in pain responses, time to pain response, pain intensity 
at randomization or during the last week of life (Tables 4a: Breast and Prostrate - and 
4b: Lung and Other). 
During the study period, 102 patients (40%) reached at least once a pain intensity score 
below 5: 44% in the multiple fraction, and 38% in the single fraction group (HR, 0.9; 
95% CI, 0.6-1.3; P = 59). The course of the pain intensity during the weeks before death 
in responders and nonresponders to both treatment regimens is depicted in Figure 3. In 
responders, the pain intensity in the week before death was 5 ± 3. In 37% of them pain 
intensity remained 2::5. Sixty percent of all patients who survived :s;12 weeks after 
randomization did not achieve pain control despite medical management and 
radiotherapy in the majority of patients. 
Table 3. Pain response per survival cohort. 
Survival cohort 
Characteristic <0-4] <4-8] <8-12] weeks weeks weeks 
n =63 n= 107 n= 104 
Assessable patients n=38 n =94 n=96 
Unassessable patientsa 
No / incomplete radiotherapy n = 18 n=4 n=2 
Pain response not assessable b n=9 n = 1 1  n=6 
Pain response, N (%) 
Intention to treat analysis 11 ( 18%) 51 (48%) 62 (60%) 
In assessable patients 10 (26%) 51 (54%) 62 (65%) 
Time to response, mean weeks (range) c 1 ( 1-2) 2 ( 1-5) 2 ( 1-9) 
Time of follow-ue, median weeks (rangel c 2 (0-4l 4 (0-8l 7 (0-122 
< indicates not including the fol lowing number; ], including the preceding number 
a Overlap between both reasons for inaccessibil ity is possible. 
Using the International Bone Metastases Consensus Working Party Guidelines 
Calculated from time of randomization 
> 12 
weeks 
n = 883 
n = 846 
n = 7  
n = 32 
690 (78%) 





Figure 2. The mean pain intensity score (with bars identifying the 95% confidence interval) per 
week after randomization per treatment group in patients surviving s 12 weeks after randomization 







a 2 4 6 8 10 12 
Time (weeks after randomization) 
Number of questionnaires returned 
1 x 8 Gy 126 97 67 38 18 7 0 
6 x 4 Gy 128 98 62 39 23 8 0 
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Figure 3. The mean pain intensity score (with bars identifying the 95% confidence interval )  for 
death per responder / nonresponder in patients surviving s 12 weeks after randomization with in the 







12 10 8 6 4 2 
O (Death) 
Time (weeks before death) 
Number of questionnaires returned 
responder 37 60 90 91 83 32 
nonresponder 0 17 30 45 47 57 36 
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Tabel 4a. Response percentages per primary tumor group ( Breast ans Prostrate) .  
Breast Prostate 
Characteristic 
n=Sl p a  HR {950/oCit n = 41 p a  HR {950/oCl)b 
Pain Response (%)  
Intention to treat 25 (49%) .967 1.0 (0 .7- 1 .6) 21 (51%)  .778 1 . 1  (0 .7- 1 .7)  
In assessable patients 25 (61%) .623 1 . 1  (0.7- 1 .7) 21 (55)  .853 1 .0 (0 .6- 1 .5)  
Net Pain Response (%)  
median (range) 69 ( 10-89) .87 1 74 (9-9 1 )  .45 
Pain intensity 
At randomization 
mean (SD) 7 (2) .98 1  7 (2)  .808 
Week before death 
n 19 16 
mean (SD) 6 (4) .448 5 (3)  .235 
Tabel 4b. Response percentages per primary tumor group (Lu ng and Other) 
Lung Other 
Characteristic 
n= 129 p a  HR {950/oCI) b n = 5 3  p a  H R  {950/oCI) b 
Pain Response (%) 
Intention to treat 58 (45%) .548 1 . 1  (0.8- 1 .6) 20 ( 38%) .297 0.8 (0.5- 1 .3)  
In assessable patients 57 (55) . 384 1 .2  (0.8- 1 .7) 20 (44 %) . 179 0 .7  (0.4- 1 .2) 
Net Pain Response (%)  
median (range) 62 (8-9 1) .769 60 ( 10-90) .973 
Pain intensity 
At randomization 
mean (SD) 7 (2) .759 7 (2)  . 560 
Week before death 
n 67 23 
mean (SD) 6 (3) .976 6 (3)  .778 
HR ind icates hazard ratio; CI, confidence interval ; SD standard deviation. 
a P was calculated with univariate Cox proportional hazard model for pain response, with Mann­
Whitney test for al l  other outcome measures. The differences between a specific tumour group 
and all clustered others are tested . 
HR was calculated with Cox proportional hazard model .  
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Relation to Dutch Bone Metastasis Study patients with longer 
survival 
As shown in Table 5, compared to the patients in the Dutch Bone Metastasis Study who survived > 12 weeks, patients with a survival limited to 12 weeks after randomization, were more often men, had more often a lower KPS, suffered more often from lung cancer and had a shorter time after diagnosis of the primary tumor to inclusion in the study, more often used opioids, had higher pain ratings at randomization, and were less often systemically treated at randomization. Despite this, no differences in treatment site or presence of visceral metastases between patients with longer versus shorter survival were found. 
Table 5. Baseline characteristics of patients who d ied within 12 weeks after randomization, 
compared to al l other patients randomization within the Dutch Bone Metastasis Study. 
Characteristic 










Prostate ( % ) 
Lung (%) 
Other (%) 
Time after diagnosis, median months (range) 







Visceral metastases, % 
Absent 
Present 
Phase 3/4 analgesic medication, % b 
No 
Yes 
Systemic treatment, % 
No 
Yes 
Pain score on NRS, mean (SD} c 
S12 weeks 
n= 274 
























> 12 weeks 
n=883 









1 1  















< . 0001 








SD indicates standard deviation ; KPS, Karnofsky performance status, a conditional score ranging 
from 0 (death) to 100 ( no complaints at al l ) ;  NRS , numeric rating scale. 
a P was calculated with Mann- Whitney U test for quantitative and ordered variables; Chi- square 
tests for proportions. 
Phase 3 analgesic medication was comprised of opioids such as l ike morphine, whereas phase 4 
analgesic medication was compromised of the non-oral administration of opioids 
c Pain score at randomization on a 1 1-point numeric rating scale, ranging from 0 (no pain )  to 10 
(worst imaginable pain)  
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Table 6. Intention-to-treat response percentages of patients with survival � 12 weeks or longer per 
primary tumor group. 
Survival 
Cancer :S 1 2  weeks > 12 weeks p a  
All 
N Responders N Responders 
,%2 ,%2 
274 124 (45) 883 690 {78) < .001  
Breast cancer 51  25 (49) 400 330 (83) 
Prostate cancer 41 21 ( 5 1 )  226 179 (79) 
Lung cancer 129 58 (45) 158 109 (69) 
Other types 53 20 (38)  99 72 (73)  
P was calculated using the univariate Cox proportional hazard model . 
HR was calculated using the univariate Cox proportional hazard model . 
HR (95% CI) b 
0 . 5 1  (0 .42-0 .62) 
In the patients with a limited survival, the response percentage was significantly lower 
compared with the response in patients with a survival >12 week: overall 45% versus 78% 
(P<o.00 1) (intention to treat). This difference existed in all tumor groups (Table 6). Discussion 
In this subgroup analysis, 45% of the patients who survived � 12 weeks after 
randomization responded to palliative radiotherapy for painful bone metastases, with no 
significant differences between primary tumor sites. However, these data need to be 
interpreted with caution as 11% of the patients did not receive or complete radiotherapy 
and 9% were not evaluable for response. In the intention to treat analysis, these all were 
scored as non-responders. Single fraction and multiple fraction regimens were equally 
effective in inducing a pain response. Only few patients with a KPS �40 were included in 
this analysis. The validity of the results of this study for patients with low KPS scores is 
therefore not known. As no baseline characteristics apart from sex were related to the 
achievement of a pain response in these patients, it was not possible to predict which 
patient would respond to radiotherapy. Therefore, single fraction palliative radiotherapy 
should be considered in all patients with a KPS higher than 40, suffering from 
uncomplicated painful bone metastases. 
In this analysis, we studied not only response percentages, but also additional outcome 
measures such as the net pain response and the intensity of pain during the 12 weeks of 
follow-up. Although 65% of the responding patients remained in response until their 
death, 60% of all patients did not report a pain score of 5 or lower during the twelve 
weeks of follow up. The Dutch Bone Metastasis Study did not record detailed information 
on additional medical interventions. Despite these interventions and the palliative 
radiotherapy, apparently additional palliative treatment measures were needed in these 
patients. Although the importance of adequate analgesic treatment seems evident, a 
recent review of pain management over a seven years period (from 1999 until 2006) in 
Canada showed no decline in the proportion of undermedicated patients referred to an 
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outpatient palliative radiotherapeutic clinic.[23] Therefore, continuous attention to 
optimal analgesic treatment seems warranted. 
The response percentage (45%) calculated using the intention-to-treat approach may 
underestimate the efficacy of this palliative treatment in short survivors after 
radiotherapy. The 26 (9%) patients for whom no response could be calculated due to 
incomplete data, were regarded as non-responders. Also exclusion of patients who did 
not start or complete the radiotherapeutic regimen into which they were randomized, 
would have resulted in a higher response percentage, as evidenced by the higher 
response percentages in assessable patients. Furthermore the follow-up after 
randomization was not complete. Patients may have achieved a pain response while not 
responding the follow-up questionnaires any more. Although the median follow-up time 
was in all survival cohorts in the upper range of the time to pain response some pain 
responses are likely to be unnoticed. In addition to these factors, patients in the final 
stage of their disease are more likely to have > 1 painful location, as well as other 
complaints. In view of this, patients might have reported not only the pain intensity in 
the treated area, as requested in the questionnaires, but also of other painful sites.[24-
26] This may have resulted in over-reporting of pain, thus underestimating the efficacy 
of local radiotherapy. 
The Dutch Bone Metastasis Study originates from 1996. The single fraction regimen 
which was used in that study has been advised as the standard treatment for 
uncomplicated painful bone metastases in radiotherapeutic departments worldwide. 
[27;28] The response rate found in this sub-analysis is lower than in the Dutch Bone 
Metastasis Study as a whole (n = 1157, response rate 71%),[9;12] or in the subgroup of 
patients living at least 1 year after randomization (n = 320, response rate 86%).[17] As 
prediction of survival for the individual patient is difficult,[29;30] an estimated limited 
survival should not be the sole argument to withhold palliative radiotherapy. Currently, 
predictive survival models are being validated.[31-33] In patients with a very limited life 
expectancy based on these predictive models, a single fraction regimen would be most 
appropriate if palliative radiotherapy is considered. 
Several factors are likely to contribute to the lower response rates found in this analysis. 
Patients suffered more often from lung cancer. Lung cancer bone metastases were found 
to have a relatively poor response to radiotherapy.[12;34] Furthermore, within each 
primary tumor group the response percentage was significantly lower in patients with a 
limited survival compared to patients with longer survival. Thus, by selecting patients 
based on a limited survival after randomization, the patients with the poorest pain 
response were selected. This suggests that a short survival after randomization is related 
to having a poor pain response, at least in part independent from primary tumor. Finally, 
patients might have died before achieving a pain response. In the updated report of the 
original Dutch Bone Metastasis Study using the international response criteria, most of 
the pain responses were achieved in 12 weeks after randomization (mean 3 weeks), with 
extremes times of > 30 weeks.(9) The current analysis selected patients who died in 12 
weeks after randomization, to evaluate the pain response in patients with short survival. 
In this Duthc Bone Metastasis Study subgroup, most of the pain responses were achieved 
in the first 4 weeks after randomization. Sixty three (23%) patients included in this 
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analysis died in these first 4 weeks after randomization. The survival cohorts showed an 
increasing pain response percentage in patients with a longer survival, suggesting the 
importance of remaining lifetime to achieve a pain response. 
The different distribution of the primary tumors between patients with a survival limited 
to 12 weeks and patients with a survival > 12 weeks came as no surprise. Patients with 
bone metastases originating from lung cancer did have a shorter survival in the Dutch 
Bone Metastasis Study, compared with patients with bone metastases from breast or 
prostate cancer.[17] Related to this, the randomization into the study was shorter after 
the diagnosis of the primary tumor in the patients with a limited survival, suggesting a 
more aggressive clinical course. The lower KPS, higher pain intensity, and more frequent 
opioid usage in the patients with a limited survival are likely to reflect the end stage of 
the disease. 
Conclusion 
At least 45% percent of the patients with painful bone metastases who survived ::;; 12 
weeks after randomization between single or multiple fractioned palliative radiotherapy 
responded to this treatment. This response rate was lower than in patients with a longer 
survival. If palliative radiotherapy is considered in patients with an expected limited 
survival, a single fraction regimen is recommended. In 60% of the patients pain control 
was not achieved in this study, despite medical management and palliative radiotherapy 
in the majority of the patients. Therefore, palliative measures in addition to radiotherapy 
remain essential. 
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Topical lidocaine in si lver sulfadiazine cream Malignant or treatment-related skin lesions are common in the cancer population. The pain associated with these conditions may be related to local tissue injury, which may be complicated by infection, or to nerve injury. Pain may be difficult to treat. We describe the use of topical lidocaine in a vehicle of silver sulfadiazine cream, a topical antimicrobial agent,[1] in the management of these conditions. 
Case Reports A 24-year-old man was referred for chemotherapy for stage IV non-seminoma with metastases in lymph nodes, lungs, liver and brain. The right testicle was enlarged (12 cm). On the day of admission, bleeding in a cerebral metastasis necessitated cerebral metastectomy. Three days afterwards, chemotherapy was started (bleomycin, etoposide and cisplatin). The right testicle and scrotum became painful due to swelling and the development of a decubitus of the overlying skin. He could not bear manipulation of the affected area. Acetaminophen was ineffective and non-steroidal anti-inflammatory drugs were considered to be contraindicated because of the risk of renal impairment during treatment with cisplatin. Systemic opioids were avoided because of concern that their side effects might interfere with the follow-up of the intracerebral pathology. Treatment was initiated with lidocaine 5% in silver sulfadiazine cream. The cream was applied four times daily. After one day he was able to sit and tolerated washing his scrotum. The lidocaine application was continued for six weeks. No side effects were observed. A 77-year-old woman with vulvar carcinoma was treated with radiochemotherapy (carboplatin and 5-fluorouracil). On Day 21 of the treatment, she developed painful vulvitis. The affected skin was erythematous and desquamated, leading to difficulties with sitting and voiding. Lidocaine 2% in silver sulfadiazine cream was started twice daily. At first, the symptoms were controlled. On Day 42 of treatment, acetaminophen (1 g three times daily) was added, and tramadol 50 mg twice daily was added eight days later because of worsening pain. With this regimen, the pain was satisfactory controlled: she could sit and urinate without pain. A 66-year-old woman developed a painful vulvar carcinoma. Despite acetaminophen 1 g three times daily and morphine sulphate sustained release 20 mg in the morning and 40 mg in the evening, sitting and walking remained painful. The patient was treated with neoadjuvant radio-chemotherapy (carboplatin and 5-fluorouracil). On Day 29 of treatment, the vulvar area showed edema with moist desquamation; the pain remained severe. Treatment with lidocaine 2% in silver sulfadiazine cream twice daily was started, while the oral dose of long-acting morphine sulphate remained unchanged. Within three days she was able to walk and sit on an ergonomic cushion with only modest pain. The cream could be stopped one week after the end of treatment. A 78-year-old woman with an anal carcinoma was treated with radiochemotherapy (5-fluorouracil and mitomycine). During the treatment, she developed vulvitis with erythema and desquamation. On Day 32, hospitalization was required for pain treatment. Pain control was inadequate despite acetaminophen and increasing doses of ibuprophen transdermal fentanyl. Lidocaine 2% in silver sulfadiazine cream was applied twice daily. Two days thereafter, she could sit and walk, and only voiding remained painful. She continued to require additional opioid and developed constipation. The 
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lidocaine concentration in the cream was increased to 5%, although the skin was still 
desquamated. The transdermal fentanyl dose could be reduced without worsening pain. 
Constipation improved. The serum lidocaine level, two hours after the first application 
of the 5% cream, was 1.7 mg/1 (therapeutic range 1.5-5.0 mg/1). Two weeks later (17 days 
after the end of treatment), the skin was healing. The application of topical lidocaine in 
silver sulfadiazine was stopped and the transdermal fentanyl further decreased. 
A 43-year-old patient with vulvar carcinoma was treated with neoadjuvant radio­
chemotherapy (carboplatin and 5-fuorouracil) and developed vulvitis with erythema of 
the radiated skin for vulvar carcinoma on Day 11 of treatment. Despite acetaminophen 
and tramadol 50 mg twice daily, she could not sleep due to severe pain. Lidocaine 3% in 
silver sulfadiazine cream was administered twice daily. This was only moderately 
effective: she could sleep well, but voiding remained painful. Morphine sulphate 
sustained release 20 mg twice daily was started five days later and the dose was doubled 
after one week. After 25 doses (45 Gy), the radiotherapy was discontinued due to the 
vulvar toxicity. 
Comment 
Topical lidocaine in silver sulfadiazine cream alleviated pain due to cancer or treatment­
related painful skin conditions. Neither systemic nor local side effects of the lidocaine in 
silver sulfadiazine were observed. A dose-effect relationship was suggested in one 
patient, as increasing the lidocaine concentration to 5% reduced the need for systemic 
therapy. In one case, pain could not be controlled with lidocaine 3% in silver sulfadiazine 
in combination with systemic pain therapy. It is possible that increasing the lidocaine 
dose might have been effective. The analgesic potential and the most effective dosing 
schedule of topical lidocaine in silver sulfadiazine cream remains to be investigated. 
Lidocaine is a local anaesthetic with a low toxic potential.[2] However, toxic and 
hypersensitivity reactions can occur. Central nervous system toxicity is related to serum 
concentrations, with symptoms ranging from light-headedness and tinnitus to 
convulsions and coma. Cardiovascular depression only occurs at very high serum 
concentrations. In dogs, cardiovascular collapse was observed at mean lidocaine serum 
level of 113.2 µg/ml (range 64.6 - 198.2 µg/ml).[3] The lidocaine serum levels in one 
patient who received topical 5% lidocaine on disrupted skin remained 38-fold lower than 
these cardiovascular toxic levels. 
Lidocaine in silver sulfadiazine is contraindicated in sulfa allergy. As lidocaine is 
metabolized in the liver, caution also is warranted in compromised liver function and 
combined usage of drugs interacting the CYPlA.2 and CYP3A4 enzymes. [ 4] 
In conclusion, lidocaine in silver sulfadiazine cream b.i.d. seems an effective local 
treatment for painful cancer or treatment-related skin lesions. 
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Abstract 
Percutaneous cervical cordotomy is an invasive procedure to treat severe, opioid-resistant cancer 
pain. It is usual ly  proposed for patients with a l imited life expectancy. As a consequence, objective 
quantification of long-term effects of this procedure is lacking . The present describes a patient who 
has been treated with a right-sided percutaneous cervical cordotomy for refractory cancer pain. 
Afterward, disseminated seminoma was diagnosed, which was cured with chemotherapy. Five years 
after the procedure, qualitative and quantitative evaluation of the long-term effects was performed. 
Sensory dysfunction in the left part of the body, but no motor-neuron or autonomic dysfunction was 
observed. The influence of these longterm effects on the patient's daily activities was l imited . 
Five-years follow-up of a cordotomy 
Introduction 
In 1963 Mullan introduced percutaneous cervical cordotomy (PCC) for chronic, therapy­
resistant pain.[1] It was widely used for chronic pain at first, and was later adapted for 
cancer pain only. 
Figure 1. 
A marked area is the supposed lesion due to PCC. 1 Dorsal column:  Conscious proprioception and 
discriminative touch ; la Fasciculus cuneatus; lb Fasciculus graci l is;  2 Spinocerebel lar tracts; 
2a Tractus spinocerebellaris posterior (Contralateral proprioception) ;  2b Tractus spinocerebellaris 
anterior ( Proprioception and exteroception [largely from the opposite lower extremity] ) ;  
3 Anterolateral system; 3 a  Tractus spinothalamicus lateralis (Pain a n d  temperature sensation) ; 
3b Tractus spinothalamicus anterior (Somatic sensation [as touch] ) ;  4 Tractus spinoolivaris 
(Porprioception [via nucleus olivary to cerebel lum] ) .  Motor and descending pathways (right) : 
S Pyramidal tracts; Sa Tractus corticospinal is lateralis (Voluntary movement [fibres from 
contralateral motor cortex] ) ;  Sb Tractus corticospinalis anterior (Voluntary movement [fibres from 
ipsilateral motor cortex] ) ;  6 Extrapyramidal tracts; 6a Tractus rubrospinalis ( Flexer muscle tonus) ; 
6b Tractus reticulospinalis (Sympathetic outflow) ; 6c ractus vestibulospinalis (Control of upright 
position);  6d Tractus olivospinalis (Exact function unknown) ;  6e Tractus reticulospinal is 
ventrolateralis (Autonomic breathing) .  
Somatotrophic organisation : Lig D Ligamentum Denticulatu m ;  C Cervica l ;  L Lumbar; S Sacra l ;  
Th Thoracic. 
During PCC, sensory transmission through the lateral spinothalamic tract is interrupted 
at the C1-2 level (Figure 1),which disrupts pain fibres from below the C4 level on the 
contralateral side. 
Immediate pain relief (being pain free without the need for additional analgesics) is 
achieved in 64% to 90% of treated patients.[2-4] However, this rate declines to 40% after 
two years.[2] In part, this is due to the development of deafferentation pain. This pain 
syndrome, which is difficult to treat, arises in up to 10% of the patients three months or 
later after the procedure.[5] Based on these data, PCC is advocated for patients with a life 
expectancy of less than six months.[5] 
Other complications of PCC are due to unwanted lesioning of structures adjacent to the 
lateral spinothalamic tract. Reported complications include ataxia, paresis, and 
sympathetic dysfunction (hypotension, Homer's syndrome, and bladder dysfunction).[5] 
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Also, the sexual sensitivity in the analgesic area may be impaired or lost.[6] Procedure 
related mortality (1% to 6%) is mainly due to respiratory dysfunction.[3;7] In recent 
studies, that used more accurate ablation techniques, no respiratory dysfunction has 
been found.[8] 
Although some studies included patients with a follow-up of several years after PCC 
[2;9;10], the long-term effects of the procedure were not objectively quantified in any of 
these studies. 
We quantified the long term-effects of a PCC in a patient who underwent the procedure 
five years previously. To assess the long-term effects of the PCC, an interview, physical 
examination, and neurophysiologic and cardiovascular function tests were performed. 
Case presentation 
In 2001, a 54 year old man presented with abdominal pain on the left side. Other than a 
four-year history of diabetes mellitus, his medical history was unremarkable. An 
evaluation revealed intra-abdominal and retroperitoneal masses. Despite high doses of 
opioids, adequate pain relief was not achieved. Because his prognosis was considered to 
be poor due to metastatic cancer, a PCC was performed. The anterolateral spinothalamic 
tract was interrupted with four intermittent radiofrequency lesions made at 95° Celsius 
over 15 seconds using a JK 4 lesion generator (NeuroTherm, United Kingdom). Further 
diagnostic work-up revealed a stage IIC seminoma. With chemotherapy that consisted of 
four cycles of carboplatin, vincristine and cyclophosfamide, complete remission was 
achieved. 
Methods 
The function of the lateral spinothalamic tract and its adjacent tracts was evaluated by 
interviewing the patient, performing physical and clinical neurological examination, and 
performing neurophysiologic and autonomic function tests, as well as magnetic 
resonance imaging (MRI) of the spinal cord at the C1 -C2 level. 
Neurophysiologic tests 
To evaluate the efficacy of the PCC, the warm-cold discrimination threshold was 
assessed, because temperature and pain sensation follow the same central pathway. 
The temperature discrimination threshold was quantified using the MSA Thermotest 
(Somedic, Sweden). Testing was performed on fixed locations of the skin -the lateral 
side of the foot, palmar side of the hand, and lateral side of the face. The temperature of 
the Peltier element was gradually increased or lowered. The patient pressed a button if he 
perceived a difference in temperature; the mean of five consecutive warm-cold 
differences was taken as the warm-cold discrimination threshold. 
Somatic sensation (such as touch) is mediated by the anterior spinothalamic tract 
(Figure 1, tract 3b), which is anatomically adjacent tot the pain and temperature 
pathway. The function of the anterior spinothalamic tract was studied using the Touch­
Test Kit™ (North coast Medical Inc, USA). This test consists of 20 different Semmes­
Weinstein monofilaments with different buckling forces, ranging from 0.008 g to 300 g. 
The touch perception threshold is defined as the lowest perceived buckling force. 
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Discriminative touch and vibration sense are mediated by the ipsilateral dorsal column 
(Figure 1, tract 1a, b). Vibration perception was quantified on the second digit of both 
hands and on the lateral malleolus of both feet, using Vibrameter (Somedic, Sweden). 
The vibration amplitude of the probe was steadily increased until the subject perceived 
vibration (the vibration perception threshold). Also, the discriminative touch was tested, 
determining the two-point discrimination threshold. 
Because diabetic and chemotherapy-induced neuropathy are symmetrical, all of these 
tests were performed on both sides of the patient to discriminate between the effects of 
the PCC and other possible causes of neuropathy. 
Cardiovascular autonomic.function tests 
The reticulospinal fibres (Figure 1, tract 6b), which transmit sympathetic outflow, are 
located near the spinothalamic tract.[11] Cardiovascular autonomic function was 
assessed during deep metronomic breathing, the V alsalva manoeuvre, standing up and 
the cold pressor test.[12] Figure 1 Cervical myelum, C1-C2 level: anatomy and function 
MRI scanning 
To visualize the anatomical location of the lesion, MRI scanning was planned. 
Results 
Patient history 
The PCC induced immediate, complete analgesia, and numbness from segment C4 to Ss 
on the left side. Although the somatic sensory function improved during the first 12 
months after PCC according the patient, there was no full recovery. Warm-cold and pain 
sensation remained absent, which made the patient unaware of small injuries in the 
affected area. Wound healing has been unremarkable. He was able to do his daily 
activities in spite of this sensory dysfunction. 
Two weeks after the PCC, tingling sensation in the left arm and leg developed. Although 
still continuously present (Figure 2), this sensation decreased over time with respect to 
intensity and the area affected.Sexual sensation was absent, resulting in diminished 
sexual pleasure. Erection was obtained with the use of sildenafil. No alteration in bladder 
function occurred. 
Physical examination 
On physical examination, an obese man (138 kg, 186cm) was seen with a blood pressure 
of 190/90 mmHg and a regular pulse rate at Bo beats/min. No Homer's syndrome was 
observed. A full clinical and neurological examination was unremarkable, apart from 
nearly absent pin-prick perception in the left C4 to S5 segments. Also, touch and 
vibration sensations were slightly diminished in this area. Strength and tonus of the arm 
and leg musculature were normal. No atrophy was observed. Furthermore, coordination 
tests and reflexes were normal. 
Chapter 5 
Figure 2. Touch and tingling 
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� 2.0 g 26. 0  g 
� Area with tingl ing sensations 
The touch perception threshold was evaluated by using Semmes-Weinstein monofilaments. (Touch­
Test Kit™ , North coast Medical, Inc. San Jonse, CA, USA) . A skin area was probed with series of 
monofilaments with increasing buckling forces. The lowest force percepted defined the touch 
perception threshold . 
In the spotted areas tingling sensations were felt 
Neurophysiologic examination 
The thresholds for temperature and touch perception were elevated in the left C4 to S5 
segments. The vibration threshold was elevated in the lower extremities, with higher 
thresholds in the left side. The two-point perception threshold was normal, apart from a 
slight elevation of the threshold in the left hand. (Table 1 and Figure 2) 
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Table 1. Neurophysiological test 
Characteristics Right Left Normal (SD) 
Warm-Cold discrimination threshold (OC) a 
Face 1 .0 1 .4  0 .9  (0.8) 
Thenar 7.0 20.7 1 .9  ( 1 . 1 )  
LateralMal leolus 7.7 24.5 4.2 (3.2) 
Vibration perception threshold (µm) b 
Hand 3 .4 2 .5  2 .6 ( 1 . 1 )  
Foot 10.0 24. 3  5 .2  (2. 1 )  
Stationary two point discrimination threshold ( m m )  c 
Arm 12 12  42.3 (4.4) 
Palm 5 9 7 .5  ( 1 . 3 )  
Trunc 12 10 34.3 (4.4) 
Leg 25 25 27 . 1  (3 .5)  
Foot 12 12 22.8 (1 . 5) 
The temperature of a Peltier element was gradual ly increased or lowered. The patient had to 
press a button if a difference in temperature was perceived; the mean of 5 consecutive warm­
cold differences was taken as warm-cold discrimination threshold .  Normal values derived from 
Meh et al [ 18] .  
The stimulating probe, a 13 mm diameter plastic cylinder, vibrated at  a constant 120 Hz 
frequency and induced a sinusoidal displacement of the tested tissue. The application pressure 
was kept constant at the stimulator's weight of 650 g. The vibration amplitude of the probe was 
steadily increased until the patient first perceived vibration (the vibration perception threshold) .  
Normal values derived from Yea-Huey et  a l  [19] .  
Assessed by using Disk-Criminator™ . Normal values derived from Davey et  al [20]. 
Tabel 2. Cardiovascular autonomic function tests 
Characteristics 
Deep breathing a 
Maximum difference in heart rate (bpm) 
Valsalva manoeuvre b 
Valsalva ratio 
Standing up c 
Drop in blood pressure ( mmHg) 
Cold pressor test d 
Left hand rise in blood pressure (mmHg) 
Right hand rise in blood pressure (mmHg) 
Result Normal 
20 > 18 
1 .44 > 1 . 2  
9 < 10 
17 > 15 
18 > 15 
The mean difference between the maximum (during inspiration) and minimum heart rate 
(during expiration) was calculated. 
The Valsalva ratio is the ratio between the highest heart rate (during b lowing with open g lottis 
at a pressure of 40 mm Hg during 15 seconds) to the lowest heart rate (within 30 seconds after 
the expiratory strain ) .  
After standing up  pooling of  the blood in the legs occurs, accompanied with a fall of  the blood 
pressure. Normally this blood pressure drop is less than 10 mmHg . 
The hand was held in water of 3 °c for three minutes, normally resulting in transient peripheral 
vasoconstriction, and a rise in blood pressure. 
Normal values derived from Reyners [21 ] .  
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Cardiovascular Autonomic.function test 
All cardiovascular autonomic function tests performed were normal. 
MRI scanning 
Due to the patient's claustrophobia, it was impossible to obtain adequate imaging of the 
spinal cord at the C1 -C2 level. 
Discussion 
Five years after PCC on the right side, sensory disturbances, without motor or autonomic 
dysfunction were found in the left side of the body. Pain and temperature sensations 
were most affected, but touch and vibration sense were also abnormal. 
The long-term effects of the PCC can all be explained by damage to pathways in the 
spinal cord. According to our investigation, the assumed PCC lesion at the C1-C2 spinal 
cord level is depicted in Figure 1. Unfortunately, we were unable to prove this 
assumption with MRI. 
The diminished touch perception on the left side of the body suggests involvement of the 
anterior spinothalamic tract in the lesion. The nearby anterior spinocerebellar tract 
(mediating proprioception), the reticulospinal tract (mediating autonomic outflow) and 
the cerebrospinal (mediating voluntary movement) tracts seem unaffected in this patient, 
because there were no signs of ataxia, disturbed coordination or autonomic or motor 
dysfunction. 
Also, the asymmetry in the vibration perception threshold can be explained by the PCC 
lesion. Fibres that mediate vibration sense bifurcate when they enter the spinal cord. One 
branch enters the dorsal column; the other terminates at second order neurons in the 
dorsal horn. Both branches remain ipsilateral. However, at the C1-C2 level, the second 
order neurons ( originating form the dorsal horn) terminate at neurons in the lateral 
cervical nucleus. Postsynaptic neurons from this nucleus cross the midline and ascend to 
enter the medulla.[13] At this level, the PCC lesion might have disrupted the vibration 
sense pathway. 
The autonomic function tests were all normal. The increase in blood pressure during the 
cold pressor test was equal on both sides, although only the right pain- and temperature 
transmitting spinothalamic tract was disrupted during the PCC. This increase in blood 
pressure is therefore not likely to be centrally induced. It might be a spinal reflex [14] or 
due to nonneurogenic vasoconstriction in response to local cooling of the skin.[15] 
The tingling sensations experienced by the patient may have been an expression of 
lesions on the second-order neurons of the nociceptive pathway.[16] 
The patient experiences sexual dysfunction after the PCC. Although absence of sensation 
in the penis is a known side effect of PCC [6], erectile dysfunction is not. This finding was 
more likely to have resulted from diabetic neuropathy in our patient. 
These long-term effects are comparable with a description in the literature of sensory 
function evaluated shortly after a PCC procedure.[17] Only some studies describe long­
term effects of PCC. [2;9;10] 
One study comprises 789 patients.[2] The data were collected by means of mailed 
questionnaires and patient self-examination. One year after the procedure, 25% of the 70 
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patients were available for follow up; the number of patients decreased rapidly toward 
the eighth year of follow-up. Among these patients, permanent ataxia was found in 3%, 
sexual dysfunction in 4% and dysesthesia in 16%. 
In other studies addressing long-term effects of PCC, the survival is usually short. 
However, in a retrospective study, three out of 273 patients survived for five, six and 
eight years after the PCC, without pain or long-term complications.[9] In a third study, 
one patient lived 3.7 years after the procedure.[10] This patient experienced so-called 
mirror pain (new postcordotomy pain, experienced in the mirror-image area 
contralateral to the original pain). None of these studies reported quantitative 
assessment of long-term effects of a PCC. Conclusion 
In the present patient, PCC produced a long-lasting decrease of nociception and 
temperature sensation without major side effects. 
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Up to 40% of the sig moidoscopies are considered painful by patients. Non-pharmacological 
intervention would be attractive, as sedation and analgesia carry the risk of side-effects and 
increase procedure-related costs. Music might have the potential of pain reduction, but its effect 
during sigmoidoscopy has not been established yet. The objective was to study whether listening to 
music reduces experienced pain during sig moidoscopy. 
Methods 
Consecutive patients, above 18 years of age, undergoing sigmoidoscopy without sedation or 
analgesia and who gave their informed consent were included in this study. Patients in the music 
group listened to their preferred music (classical, jazz, Eng l ish or Dutch Popular) during the 
sigmoidoscopy. The control group received care as usual . The outcome measures were pain 
intensity d uring sigmoidoscopy ( measured with a 100-m m-long visual analogue scale) and the 
proportion of patients with at least moderate pain during sigmoidoscopy (pain intensity score of 
SO mm or higher). 
Results 
The music groups consisted of 153 patients, the control group of 1 54 patients . The mean pain 
intensity ± standard deviation was 36 ± 27 mm in the music group and 40 ± 29 in the control 
group (P = 0 .27) during sigmoidoscopy. The proportion of patients with at least moderate pain 
during sigmoidoscopy was 29% and 37% in the respective groups (P = 0 . 12).  
Conclusion 
Listening to music by patients did not reduce pain intensity during sigmoidoscopy. As a 
consequence, music during sigmoidoscopy is not recom mended for this purpose. 
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Introduction 
Flexible sigmoidoscopy is a frequently used diagnostic and therapeutic modality. 
Unfortunately, it can be an uncomfortable procedure, as 6-40% of the patients report 
pain during a sigmoidoscopy.[1-3] Therefore, better pain control during the procedure is 
necessary. As sedation and intravenous analgesic medication carry the risk of side effects 
and increase procedure-related costs, a nonpharmacological intervention would be 
attractive. 
Listening to music to reduce pain has been studied in several settings, ranging from 
acute postoperative pain to chronic pain, mostly resulting in moderate clinical effects. [ 4] 
The effect of listening to music has been assessed during endoscopy of the lower 
gastrointestinal tract.[5-15] In a meta-analysis of the effect of music during colonoscopy, 
music improved the 'overall experience' of colonoscopy, but not the experienced pain. 
[16] In all included studies reporting pain intensity, colonoscopy was performed using 
conscious sedation or intravenous analgesic medication. However, pain intensity reports 
are likely to be influenced by these medications. Therefore, sigmoidoscopy, performed 
without sedation or analgesia, is a more appropriate procedure to study the effect of 
listening to music on pain intensity. Earlier studies during sigmoidoscopy without 
sedation showed a reduction in anxiety levels. [5-7] The effect on discomfort during 
sigmoidoscopy was inconsistent.[5-7] However, these studies are hampered by small 
sample sizes, possibly precluding detection of a positive effect of music on pain intensity. 
The aim of this study was to investigate whether listening to music by patients during 
sigmoidoscopy without any pharmacological intervention reduces pain intensity during 
the procedure. 
Materials and methods 
Patients and study groups 
The study consists of two periods: The first period (October 2006 - November 2008) 
was a survey of the pain intensity during sigmoidoscopy. During this period, all 
consecutive patients above 18 years of age, who were referred to the endoscopy unit of 
our hospital for a sigmoidoscopy and did not receive sedation or analgesia were asked to 
participate in the survey. During the intervention study (November 2008 - April 2009), 
the same patient category was asked to participate in the intervention group. Only 
patients who gave their informed consent were included in the survey and the 
intervention study. This study was conducted according to the guidelines of our 
institutional ethical review board. 
The patients included in the survey of pain intensity during sigmoidoscopies formed the 
control group of this study. In this group the usual care during sigmoidoscopy was 
provided: patients were offered to see the endoscopy real time, using a video monitor in 
front of the patient. Explanatory commentary was provided simultaneously. 
During the intervention period, in addition to the usual care, several CDs with classical 
music, English popular, Dutch popular or jazz music were offered before the 
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sigmoidoscopy. During the sigmoidoscopy, the patient listened to his or her preferred 
music, using a headphone attached to a portable CD player. The personnel of the 
endoscopic unit could not hear the music. Before sigmoidoscopy, the loudness of the 
music was checked, assuring the patient was able to communicate with the endoscopist 
during the sigmoidoscopy. 
Sigmoidoscopy 
The sigmoidoscopies were performed by experienced endoscopists ( defined as having 
performed more than 200 sigmoidoscopies), trainees in gastroenterology or an 
experienced nurse endoscopist. Of each sigmoidoscopy, the indication, diagnosis and 
performed intervention were recorded. 
Pain intensity 
The pain intensity was measured using a Visual Analogue Scale (VAS). A V  AS consists of 
a 100-mm-long horizontal line, anchored at the left end with 'no pain', and at the right 
end with 'unbearable pain'. Each patient was asked to mark his or her pain intensity 
before the sigmoidoscopy on a VAS. Furthermore, directly after the sigmoidoscopy, each 
patient was asked to mark the maximal pain intensity during the sigmoidoscopy on a 
separate VAS. The pain intensity was scored as the distance of the patients' mark to the 
left end of the VAS (expressed in mm). A pain intensity score of 50 or higher corresponds 
with at least moderate pain.[17] 
Sample size calculation and statistical analysis 
The primary outcome measure was the proportion of patients experiencing at least 
moderate pain. To detect a reduction in this proportion from 40% to 20%, with a power 
of 90% and a type 1 error of 5%, 152 sigmoidoscopies in each arm were necessary. 
Therefore, 155 sigmoidoscopies in each arm were included. 
A nonrandomized controlled study design was used. Categorical variables were tested 
with a chi-squared test, continuous variables with a Mann-Whitney U-test. P < 0.05 was 
considered to be significant, using intention-to-treat analysis. 
A post-hoc analysis using chi-squared testing was performed to test whether baseline 
characteristics were related with low pain intensity scores (defined as pain intensity 
score < 50 mm) during sigmoidoscopy while listening to music. 
Results 
Patients 
Three hundred and forty-three patients were screened for participation in the study (174 
during the survey, 169 during the intervention period). Two patients did not provide 
informed consent. A total of 34 (9.9%) of the screened patients were not eligible for 
inclusion. Of these patients, 26 were sedated or received analgesia during sigmoidoscopy. 
Five patients already included underwent a second sigmoidoscopy during the study 
period. Three patients did not have complete pain intensity data. The final study 
population consisted of 307 patients (154 controls, 153 in the intervention group). Table 1 
summarizes the baseline characteristics of the intervention and control group. 
Listening to music 
The characteristics of the sigmoidoscopies are provided in Table 2. Patient demographics 
were similar in the two groups. In the intervention group, the indication for 
sigmoidoscopy was less often rectal blood loss (40% and 52% respectively, P = 0.03). The 
endoscopy was performed more often by an experienced endoscopist in the intervention 
group (62% and 49% respectively, P = 0.02). In the music group, less often treatment 
procedures were performed during sigmoidoscopy (7% versus 16% respectively, 
P = 0.02). However, the mean pain intensity scores (± standard deviation, SD) did not 
differ between experienced endoscopists and endoscopists in training (36 ± 27 mm and 
40 ± 29 mm respectively P = 0.22) or between sigmoidoscopies with or without 
treatment procedures (38 ± 28 mm and 34 ± 27 mm respectively, P = 0.49). 
Influence of music on pain intensity 
Nine patients (6%) included in the music intervention group preferred not to listen to 
music during the sigmoidoscopy. 
The pain intensity scores before and during sigmoidoscopy in both the music 
intervention and control group are depicted in Figure 1. The mean pain intensity scores ± 
standard deviation before sigmoidoscopy were 7 ± 10 mm and 8 ± 16 mm (P = 0.05), and 
during sigmoidoscopy 36 ± 27 mm and 40 ± 29 mm (P = 0.27) respectively. 
The proportion of patients with at least moderate pain during sigmoidoscopy (pain 
intensity score of 50 mm or higher) was 29% in the music intervention group and 37% in 
the control group (P = 0.12). In a post-hoc analysis, no baseline characteristics were 
related to lower pain intensity scores while listening to music during the sigmoidoscopy, 
as shown in Table 3. 
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Table 1. Baseline characteristics of patients in music intervention and control group. 
Music intervention Control 
Baseline characteristics of n= 153 n = 154 p 
patients 
n 0/o n 0/o 
Age 
years ( mean, SD of mean) 53 (:i: 17) 5 1  ( :i:  17) 0 .44 
Sex 
Male 75 49 72 47 0 .69 
Indication ( more than one per patient possible) 
Rectal blood loss 6 1  40 80 52 0 .03 
Pain 42 28 33 21 0 .22 
Change in bowel habits 46 30 34 22 0 . 1 1  
Fol low-up after previous 28 18 27 18 0.86 polypectomy or surgery 
Others 18 12  13  8 0.33 
Previous e ndoscopy? 
Yes 95 62 100 65 0 .61 
Table 2. Characteristics of  sig moidoscopies in music intervention and control group. 
Music intervention Control 
Characteristics of n= 153 n = 154 p sigmoidoscopy 
n 0/o n 0/o 
M usic styl e  
Classic 46 30 N .A. 
Engl ish popular 55 3 
Dutch popular 38 36 
Jazz 5 25 
No music 9 6 154 100 
Type of endoscopist 
Experienced 95 62 75 49 0.02 
Trainee 57 37 73 47 
Nurse endoscopist 1 1 6 4 
Diagnosis ( more than one per patient possible) 
Pol yp(s )  20 13 29 19 0 . 17 
Diverticular disease 24 16 24 16 0 .98 
Proctitis / colitis 19 12 20 13 0 .88 
Anal abnormalities 36 24 30 20 0.39 
Malignancy 6 4 3 2 0 .31 
Others 1 1  7 4 3 0 .06 
No abnormalities seen 54 35 66 43 0 . 18 
Biopsy performed? 
Yes 98 64 105 68 0.45 
Therapeutic procedure during sigmoidoscopy? 
Yes 1 1  7 24 16 0.02 
Listening to music 
Figure 1. Box-plot of pain intensity scores at basel ine and during sigmoidoscopy in the m usic 
intervention and control group, measured with a 100 mm long visual analogue scale (0, no  pain ;  
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Table 3. Post-hoc analysis to identify subgroups with favourable effect on listening to music. 
Subgroups of the total study 
Proportion of patients with pain intensity 
< 50 mm in 
group, based on baseline 
total study music intervention control p characteristic 
group (%) group (%) group (%) 
Age 
< 50 year (n= 1 3 1 )  61  70 53 0 .05 
> = SO year (n= 176) 72 72 71 0.85 
Sex 
Male (n= 147) 71 77 65 0 . 1 1  
Female (n= 160) 63 65 6 1  0 .56 
Indication 
Rectal blood loss ( n = 141)  70 74 68 0.42 
Pain (n =75) 48 so 46 0.70 
Change in bowel habits (n =80) 61  67 53 0 .19 
Follow-up  after previous 76 82 70 0.30 
polypectomy or surgery (n=SS)  
Others (n=31)  71  72 69 0.86 
Previous endoscopy? 
Yes (n= 1 12) 70 74 65 0.28 
No (n= 195) 66 70 62 0.27 
Pain intensity before sigmoidoscopy 
< SO mm (n=30 1 )  68 7 1  64 0.22 
> = SO mm (n=6) 33 100 20 0.12 
Endoscopist 
Experienced (n= 170) 69 71 68 0 .72 
Trainee/nurse ( n = 137) 64 72 58 0.09 
Biopsy performed? 
Yes (n= 104) 63 69 57 0 .21 
No (n = 203) 69 72 66 0.30 
Therapeutic procedure d uring sigmoidoscopy? 
Yes (n=35) 74 9 1  67 0 . 13 
No (n = 272) 66 70 62 0 .20 
Discussion 
In this study, music did not lower pain intensity nor the proportion of patients with a 
pain intensity score of at least 50 mm in patients undergoing flexible sigmoidoscopy. 
This is in line with a Cochrane review on music for pain relief in a wide range of settings 
(acute perioperative pain, chronic pain, and procedural-related pain).[4] In this review, 
comprising 51 studies, a total of 1876 patients listening to music and 1796 controls were 
included. The overall effect of the music intervention was a reduction of 0.46 (95% 
confidence interval: 0.17 - 0.75) measured on a o - 10 scale. The effect of listening to 
music on pain intensity differed between the subgroups, with the least effect in 
procedural pain (reduction of 0.24 on a o - 10 pain intensity score, 95% CI: -0.59 -
0.12). One report on studying the effect on pain during sigmoidoscopy was included in 
this review.[7] This randomized study in 64 subjects found a lower procedure-related 
discomfort in the music group, compared to the control group, (4.3 ± 2.1 and 5.3 ± 1.7 
Bo 
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respectively, P = 0.026) measured with an 11-point numeric rating scale, ranging from o 
(no discomfort) to 10 (worst possible discomfort). This finding was not confirmed in our 
study, with a larger study sample. Importantly, in that study the pain intensity in the 
control group was higher, compared to our study (pain intensity (40 ± 29 mm, measured 
with a 100 mm VAS). The effect of music on discomfort during sigmoidoscopy has 
further been studied by Lembo et al.[6] In this study, a total of 37 patients undergoing 
routine screening flexible sigmoidoscopy were randomized to receive no intervention, 
audio stimulation alone, or audio and visual stimulation. The stimulation consisted of 
ocean shore sounds, combined with a virtual animation of an ocean shore in the audio 
and visual stimulation group. Abdominal discomfort during sigmoidoscopy was 
measured using a 19-point scale, ranging from faint to severely intense discomfort. Only 
patients receiving combined audio and visual stimulation (n=13) did have significant 
lower discomfort intensity scores, compared with controls (n=12) with discomfort 
intensity scores of 7.1 and 10.8, respectively (P < 0.05). Audio stimulation alone (n=12) 
did not result in a significant decrease in discomfort intensity, suggesting that more 
intense simulation was necessary to diminish discomfort. 
The pain reducing effect of listening to music has been studied during colonoscopy. 
However, these data are difficult to interpret, as sedation is usually used,[8;13-15] often 
combined with opioid analgesics.[13;15] 
Our study was not randomized. A control group, derived from a pain intensity survey, 
was included a year before the intervention period. In both periods all consecutive 
patients were asked to participate. Despite the short time interval between the inclusion 
of control and intervention group, some differences in baseline characteristics were seen 
between these groups. In the intervention group, the sigmoidoscopies were more often 
performed by experienced endoscopists while less often an intervention was performed. 
However, any effect on the primary outcome measure is not likely, as the pain intensity 
was the same during sigmoidoscopy performed by experienced endoscopists or 
performed by endoscopists in training. This was also true for the pain intensity during 
sigmoidoscopies with or without any intervention. 
In this study, no subgroups of patients (based on baseline characteristics) could be 
identified who were more likely to benefit from music. Patients with pain before 
sigmoidoscopy or with pain as an indication for their sigmoidoscopy seem to be more 
likely to have a painful sigmoidoscopy procedure. In addition, in these subgroups, no 
significant effect of listening to music was seen, although the group of patients with pain 
before sigmoidoscopy was very small. 
In conclusion, listening to music did not reduce experienced pain intensity during 
sigmoidoscopy. In addition, no subgroups with a favourable response to music could be 
identified. Therefore, music during sigmoidoscopy seems to have no benefit with regard 
to pain perception at this time, but further large randomized studies may be beneficial. 
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Abstract 
Purpose 
To describe health care uti l ization { HCU) at the end-of-life in cancer patients. These data are 
relevant to plan future palliative care services, and to develop training programs for involved health 
care professionals. 
Methods 
The Dutch Bone Metastasis Study ( DBMS) was a nationwide study proving equal effectiveness of 
single fraction pal l iative radiotherapy compared to multiple fractions for painful bone metastases in 
1 1 57 patients. The 860 (74%) patients who died during follow-up were included in the current 
analysis. The main outcome was the freq uency of hospital-based (outpatient contact or ad mission ) 
and/or general practitioner {GP) contact during the last 12 weeks of life. Changes in HCU towards 
death were related to data on quality of life and pain intensity using a multilevel regression model . 
Results 
Hospital based HCU was reported in 180 1 (63%) returned questionnaires, whereas GP contact was 
stated in 1246 (43%).  In 573 (20%) questionnaires, both types of HCU were reported . In multilevel 
regression analyses, the frequency of outpatient contacts remained constant during the weeks 
towards death, whereas the frequency of GP contacts increased. Lower valuation of quality of life 
was related to both GP- and hospital-based HCU . 
Conclusions 
There was a high consumption of hospital-based HCU in the last 12 weeks of life of cancer patients 
with bone metastases .  Hospital-based HCU did not decrease during the weeks towards death, 
despite an increase in GP contacts. 
Future planning of pal l iative care and training programs should encompass close collaboration 
between medical specialists and GPs to optimize end-of-life care. 
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Introduction 
Patients and their caregivers prefer end-of-life care to be provided at the patients' home, 
in a hospice or in a nursing home.[1-5] However, some patients may still require 
hospital-based health care due to specific care needs at the end of their lives (e.g., blood 
transfusions, invasive procedures such as ascites drainage, pleurodesis or 
neuroblockades for pain). Addressing patients' and their caregivers' preferences, 
enabling patients to die at home and avoid inappropriate hospital visits has become an 
important issue in health care politics .[6-8] 
Although much is known about preferences, data on health care utilization (HCU) in the 
last weeks of life are scarce.[9] These data are needed for accurate planning of palliative 
care facilities and development of training programs tailored to the health care 
professionals involved. 
The Dutch Bone Metastases Study (DBMS) was a prospective randomized landmark trial, 
proving equal effectiveness of single fraction palliative radiotherapy compared to 
multiple fractions for painful bone metastases in 1157 patients.[10-13] During frequent 
follow-up, besides pain intensity, HCU and quality-of-life items were measured. Eight 
hundred and sixty (74%) patients died during the study period. Therefore, the data from 
the DBMS provides an unique opportunity to analyze HCU at the end of life of cancer 
patients, in relation to self-reported pain and quality of life. 
This study aimed to describe HCU during the last weeks of life in patients with painful 
bone metastases. The hypothesis was that hospital-based health care workers cared for 
patients requiring complicated care (reflected by higher pain levels and lower quality of 
life) compared with patients cared for by general practitioners (GPs). 
Methods 
Patients 
The current analysis included all patients who died during the follow-up of the DBMS. A 
detailed description of the in- and exclusion criteria, as well as the baseline and follow-up 
measurements in the DBMS have been published previously.[10-12] Between March 
1996 and September 1998, 1157 Dutch patients with painful bone metastases from solid 
tumours were randomized between a single fraction of 8 Gy versus six fractions of 4 Gy. 
In December 1998 the follow-up ended, data on survival of all randomized patients was 
updated and the trial was closed.[11] 
Questionnaires 
After baseline measurements, weekly questionnaires were sent to the patients during the 
first 12 weeks after randomization. Thereafter, monthly questionnaires were sent for a 
maximal period of 2 years or until death or end of study follow-up. Each questionnaire 
covered the preceding week and consisted of questions concerning HCU, quality of life 
and pain intensity. 
As end-of-life care was the interest of the current analysis, only the questionnaires 
returned in the last 12 weeks of life were included. 
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The questions on HCU covered general practitioner (GP) contact (Have you visited your 
GP this week?), outpatient visits (Have you visited your treating physician in the 
hospital this week?) and hospital admissions (Have you been admitted to the hospital 
this week?). The answer options were "yes" or "no". Patients could indicate more than 
one type of HCU in each questionnaire. Outpatient and inpatient hospital care was 
provided by the same health care professionals. Therefore, hospital-based HCU was 
defined as an outpatient contact and/or hospital admission. No data on medical or 
psychological reasons for a health care contact or the actual place of death were collected 
in the DMBS. 
Quality of life 
The questions regarding quality of life were derived from the Dutch version of the 
Rotterdam Symptom Checklist (RSCL; see appendix).[14] The RSCL consists of three 
subscales (physical symptom distress, psychological distress and activity impairment 
level) and an overall valuation of quality of life. The physical and psychological distress 
was measured using a four-point Likert-type scale, ranging from "not at all" ( = 1) to 
"very much" (= 4). For the activity impairment level subscale, responses ranged from 
being "unable" ( = 1) to perform the stated activity, up to doing so "without help" ( = 4). 
The overall valuation of life was measured on a seven-point Likert-type scale, ranging 
from feeling "excellent" ( = 1) to "extremely poor" ( = 7). 
The RSCL scores were calculated per questionnaire according to the RSCL guidelines. 
[14] Per questionnaire, the sum-score of each RSCL subscale was calculated. Only when 
more than 50% of the items of a subscale were answered, a standardized score was 
calculated.[14] Standardization transformed the sum-score to a 100-point scale, by 
expressing the sum-score as the percentage of the maximal possible sum-score. In 
calculating the maximal possible sum-score, the missing items were taking into account. 
Conform RSCL guidelines, and for consistency with the physical and psychological 
distress level subscales (in which a low score corresponds with low distress) the activity 
impairment level subscale and overall valuation of quality-of-life score were reversed.[14] 
On the reversed subscales a low score represents a low impairment of activity and a low 
overall valuation of quality of life, respectively. 
These standardized and subsequently reversed scores were used to describe quality of life 
and will be further referred to as "RSCL scores". 
Pain intensity 
In each questionnaire, the pain intensity was reported using an 11-point numeric rating 
scale ranging from o (= no pain) to 10 (= worst imaginable pain). Patients also noted 
their pain medication intake in the preceding week. 
To take into account analgesic usage, inadequately treated pain was defined as having a 
pain intensity of at least 5, without opioid usage.[15] 
Statistical analysis 
In all patients who died during the DBMS follow-up period, baseline characteristics were 
tested between those who answered HCU questionnaires ("yes" or "no") and those who 
did not (no answer at all). The tested baseline characteristics were: age, sex, urbanity 
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(defined as � 1000 surrounding addresses/km2),  primary tumour, number of bone 
metastases, time period from diagnosis of the primary tumour to randomization, 
randomization arm, Karnofsky performance status at randomization, systemic treatment 
at randomization and time period from randomization to radiotherapy and survival after 
radiotherapy. Mann-Whitney tests were used to compare quantitative and ordered data, 
chi-square tests were used to compare proportions. 
To study the relation of HCU to quality of life and pain intensity during the weeks before 
death, as well as to possible clinical relevant baseline characteristics (age, sex, primary 
tumour and urbanity) multilevel logistic regression models were used. Missing 
questionnaires were assumed to be distributed at random, as this model adjusted for 
possible confounding factors. Patients were on the highest level, and repeated measures 
on the lowest level. Several response measures were analyzed, namely sex, primary 
tumour, urbanity and inadequately treated pain. For each binary outcome measure the 
probability of getting a certain health care contact was modelled. Different determinants 
were included, namely age, pain intensity and RSCL scores. P values are based on two-sided tests, and considered significant if P < 0.05. In the 
multilevel analysis, odds ratios were considered significant if the 95% confidence interval 
did not include 1,00. The statistical analysis was performed by SPSS 16.0 for Windows 
(SPSS INC, Chicago, IL), whereas the multilevel analysis was performed by MlwiN 2.02 
(Centre for Multilevel Modelling, University of Bristol, Bristol, United Kingdom). 
Results 
Patients and questionnaires 
During the follow-up time of the DBMS 860 patients died (74%). In the last 12 weeks of life, the patients who died during follow-up time of the DBMS received 5189 
questionnaires (Figure 1). Six hundred sixty one (77%) patients returned questionnaires 
in the last 12 weeks before death, and 627 (73%) answered HCU questions. A total of 




Figure 1. Consort diagram of patients and questionnaires included in current analysis 
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Table 1 lists the baseline characteristics of all deceased patients in the study. Patients 
who did not answer HCU questions were mostly women, patients with breast cancer and 
patients with a longer interval from diagnosis of the primary tumour to randomization 
into the DBMS. 
Table 1. Comparison of characteristics of patients responding or not responding on HCU 
questions. 
Patients who died during the 
DBMS 
Patient characteristic N (%) Responding on Not responding 
HCU on HCU 
(n = 627) (n = 233 )  
Age, mean (SD), years 860 ( 100) 65 ( 1 1) 65 ( 12) . 573 
Sex 860 ( 100) 
Man, n (%) 403 (64) 1 19 (51 )  < .001 
Woman, n (%) 224 (36) 1 14 (49) 
Urbanity 579 (68) 
Nonurban, n (%) 182 (43) 66 (42) . 752 
Urban, n (%) 239 (57) 92 (58) 
Primary Tumor 860 ( 100) 
Breast, n (%) 170 (27) 97 (40) < .001  
Prostate, n (%) 141 (23) 59 (25) 
Lung, n (%) 209 (33) 54 (23) 
Other, n (%) 107 ( 17) 26 ( 1 1 )  
Number o f  bone metastases 860 ( 100) 
Solitary, n (%) 548 (87) 209 (90) .612 
Multiple, n (%) 79 ( 13) 24 ( 10) 
Visceral metastases present 860 ( 100) 
Yes, n (%) 462 (74) 176 (76) .581 
No, n (%) 165 (26) 57 (24) 
Time period from diagnosis 
primary tumour to randomization, 858 ( 100) 15 (0-359) 25 (0-270) .001  
median (range), months 
Randomization arm 860 ( 100) 
6 x 4  Gy, n (%) 307 (49) 130 (56) .075 
1 X 8 Gy, n (%) 320 (51 )  103  (44) 
Karnofsky performance status at 855 (99) randomization 
20-40, n (%) 53 (9) 22 (9) .619 
50-70, n (%) 332 (53) 1 15 (50) 
80-100, n (%) 238 (38) 95 (41) 
Systemic treatment at 860 ( 100) randomization 
Yes, n (%) 279 (45) 133 (57) .001 
No, n (%) 348 (55) 100 (43) 
Time period from randomization to 
radiotherapy, median (range), 860 ( 100) 4 (0-53) 4 (0-57) . 564 
days 
Survival aher radiotherapy, 860 ( 100) 15 (0-1 12) 35 (0-133) < .001 median (rangel, weeks 
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In any of the 12 weeks before death, a hospital-based HCU (either an outpatient contact 
or an admission) was reported in 1801 questionnaires (63%), and a GP contact in 1246 
questionnaires (43%). In 573 questionnaires (20%), both a GP contact and a hospital­
based HCU contact were reported. Figure 2 depicts the HCU as reported in the 
questionnaires. 
Figure 2. Health care utilization 
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N = 1 314  
N = 487 
N = 773 
The circles indicate the number of questionnaires answering questions on HCU. The overlapping 
areas indicate the questionnaires stating more than one health care contact. 
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The reported health care contacts per week before death are shown in Figure 3. Of the 
627 patients answering the HCU questions, 396 (63%) patients reported during the last 
12 weeks oflife a GP contact as well as a hospital-based health care contact. 
The mean pain intensity and the RSCL subscale scores of the questionnaires regarding 
specific HCU are presented in Table 2. In questionnaires that answered HCU questions 
with "no", the pain scores were similar, but the overall quality of life was higher, 
compared to questionnaires that stated one or more health care contacts. Factors related 
to HCU using multilevel regression analysis are presented in Table 3. Reporting no HCU 
was related to a higher overall valuation of quality of life. 
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Table 2. Pain intensity and Quality of life subscales per health care uti l ization category. 
Pain 
Health care utilization N b Pl C ITP d 
mean n 
(SD) (%) 
No health care utilization 773 5 (3)  166 (21)  
General practitioner 1246 6 (3) 203 (16) 
Outpatient clinic 1314 6 (3) 251 (19)  
Admission to hospital 487 6 (3) 85 ( 18) 
Rotterdam Symptom Checklist; 100 points subscales. 
Number of questionnaires 
RSCL a subscales 
PSD PD ' Al 9 
mean mean mean 
(SD) (SD) (SD) 
25 ( 14) 27 ( 24) 53 (32) 
33 ( 15) 36 (25) 69 (27) 
30 ( 14) 33 (25) 61 (29) 








Pain intensity : measures with 11 point numeric rating scale (0 = no pain, 10 = unbearable 
pain) 
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Inadequately treated pai n :  Number of questionnaires reporting pain intensity of at least 5, 
without  opioid usage. 
Physical symptom distress, a higher score = more distress. 
Psychological distress, a higher score = more distress. 
Activity impairment, a higher score = more impairment. 
Overal l  valuation of quality l ife, a higher score = a higher valuation of overall quality of life. 
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Table 3. Multilevel regression analysis of the relation between health care utilization and patient variables. 
Type of Health Care Contact 
Variable ( Unit) No HCU GP Outpatient Admission 
OR1 950/o CIJ OR1 950/o Cl1 ORJ 950/o CIJ ORJ 950/o Cl1 
Weeks before death (Week) 1 .03 (0 .99- 0.94 (0.90- 1 .00 (0 .97- 0 .99 ( 0.93-
1 .07) 0.98) 1 .04) 1 .04) 
Sex 
Man 1 .00 1 .00 1 .00 1 .00 
Woman 0 .86 (0 .50- 1 .30 (0 .67- 0.99 (0 .66- 0.57 (0 .23-
1 .47) 2 . 50) 1 .47) 1 .40) 
Age (Year) 0 .99 (0 .98- 1.02 (1.00- 0.98 (0.97- 0.99 ( 0.96-
1 . 0 1 )  1.04) 0.99) 1 .01)  
Urbanity 
Nonurban a 1 .00 1 .00 1 .00 1 .00 
Urban b 1 .23 (0 .90- 0.64 (0.44- 1 .08 (0.85- 1 .34 (0 .82-
1 .67) 0. 93) 1 . 36)  2 . 19) 
Primary tumor 
Breast 1 .00 1 .00 1 .00 1 .00 
Prostate 0.75 (0.37- 2.61 (1 .12- 0.80 (0.47- 0.56 (0 . 18-
1 . 52) 6.1 1) 1 . 35)  1 .72) 
Lung 0.82 (0 .45- 2.08 ( 1 .00- 0.68 (0 .43- 0.37 (0.15-
1 . 50) 4 .31)  1 . 05) 0.90) 
Others 1 . 1 5 (0 .62- 1 .50 (0 .70- 0.71 (0.45- 0 .51  (0 . 18-
2. 13)  3 .21)  1 . 14) 1 .40) 
Pai n  intensity c 1 .00 (0.95- 0.97 (0 .84- 1 .03 (0.99- 0.97 (0 .91-
( 1  unit on 11  point NRS) 1 .05) 1 . 12) 1.07) 1 .04) 
Pai n  treatment 
Adequately treated pain 1 .00 1 .00 1 .00 1 .00 
Inadequately treated pain d 1.38 (0 .97- 0.67 (0.45- 0.98 (0.73- 1 . 12 (0 .64-
1 . 98) 0.99) 1 .32)  1 .94) 
RSCL " sub-scales 
Physical symptom distress ' 0.98 (0 .97- 1.03 (1.01- 1 .0 1  ( 1 .00- 1.02 (1.01 -
( 1  unit o n  100 point scale) 1 . 00) 1. 04) 1 .02) 1.04) 
Psychological distress 9> 1 .00 (0 .99- 1 . 0 1  ( 1 .00- 1 .00 (0.99- 0 .99 (0 .98-
(1 unit on 100 point scale) 1 . 0 1 )  1 . 0 1 )  1 . 0 1 )  1 .00) 
Activity impairment h 0.99 (0.99- 1 .0 1  (0 .95- 0.99 (0.99- 1.02 (1.01 -
( 1  unit on 100 point scale) 1 . 00) 1.07) 1 .00) 1.03) 
Overal l  va luation of quality 1.02 ( 1 .01- 0.99 (0.98- 0.99 (0 .98- 0.99 (0.97-
of life 1 .02) 1.00) 0.99) 1.00) 
(1 unit on 100 eoint scalel 
Nonurban :  < 1000 surrounding addresses/km2 
Urban : � 1000 surrounding addresses/km2 
Pain intensity: 1 1  point numeric rating scale (0 = no pain, 10 = unbearable pain) 
Inadequately treated pain :  Percentage of questionnaires reporting pain intensity of at least 5, 
without opioid usage. 
RSCL: Rotterdam symptom checklist; 100 points subscales . 
For physical symptom distress, note that a higher score = more distress. 
For psychological distress, note that a higher score = more distress .  
For activity impairment, note that a higher score = more impairment. 
For overall valuation of quality of life, note that a higher score = a higher valuation of overal l  
q ual ity of life. 
OR, 95% CI : Odds Ratio with 95 percent confidence interval 
Bold Italic: confidence interval not including 1 .000. 
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Having reported a GP's contact was independently related to living in a nonurban area, 
being of higher age, being closer to death, having more physical symptom distress, and a 
lower overall valuation of quality of life. It was also related to having adequately treated 
pain. An outpatient contact was independently related to younger patients, lower activity 
impairment level and a lower overall valuation of quality of life. The frequency of 
outpatient contacts did not change significantly during the weeks before death. 
Admission to a hospital was independently related to patients reporting more physical 
symptoms and a higher activity impairment level. When we analyzed the effect of 
different primary tumors, patients with lung cancer were less likely to be admitted to a 
hospital than patients with breast cancer, prostate cancer or other types of cancer. 
Fig. 4 present the chance for a specific type of health care contact towards death for each 
tumor group, based on the multilevel regression model. Although towards death the 
frequency of GP contacts increased and the frequency of no HCU decreased, the 
frequency of outpatient contacts remained stable. 
Discussion 
The current descriptive analysis provides evidence that hospital based health care was 
frequently used during the last 12 weeks of life of patients with malignancies: 63% of the 
returned questionnaires stated a hospital based health care contact. This is in contrast 
with the preference to be cared for at home. Although patients may require specialized 
care, travelling to a hospital is often burdensome. In the majority of cases the care 
needed may also be provided by specialized palliative home teams. This highlights the 
urgency of adequate training programs for involved health care professionals and for 
accurate planning of care, This may enable patients to be cared for and die at home and 
to avoid inappropriate hospital visits.[16;17] 
Baseline characteristics 
Patients who answered HCU questions appeared to have a more limited survival after 
radiotherapy compared with patients not answering these questions. This patient 
selection is likely to be a consequence of the original study design: During the first 12 
weeks after randomization into the DBMS the questionnaires were sent weekly; 
thereafter at a monthly interval. Therefore, patients who died within 12 weeks after 
randomization (n=274, 32%) received more questionnaires during their last 12 weeks of 
life, compared with patients who died later during follow-up. 
The difference in survival after radiotherapy was related to the difference in primary 
tumour, time from diagnosis to randomization, sex, and systemic treatment at 
randomization. This is due to the characteristics of the several tumor types, as well as 
their treatment options. Lung cancer patients, often male patients, were more likely to 
have a shorter survival after diagnosis or randomization compared to breast cancer 
patients. Furthermore, at the time of the DBMS, palliative systemic therapy for lung 
cancer was less often used.[18] This is also likely to be the explanation for the significant 
OR for admission to the hospital for this tumor type (OR: 0,37; 95% CI: 0,15-0,90). As 
lung cancer patients composed 33% of the study population, hospital admission rate 
found in DBMS may underestimate hospital admissions for today's care. 
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Health care utilization 
Towards death the percentage of GP contacts increased. In previous studies, GP 
involvement was found to improve palliative home care and to be related to more home 
deaths.[19;20] Therefore, the high percentages of GP contacts near death seem in line 
with known patients' and caregivers' preferences.[1-5] Unfortunately, in our analysis, the 
type of HCU during the weeks before death could not be related to the place of death, as 
this was not registered in the DBMS database. During the study years, specialized end-of­
life home nursing care was generally available in the Netherlands. 
In 20% of the questionnaires, hospital-based HCU was reported together with a GP 
contact. As the questionnaires covered a time frame of one week, this percentage is a 
lower estimate. Using the broader time frame of all 12 weeks studied, the percentage 
increased to 63%. Even this percentage is likely to be an underestimation, as not all 12 
weeks before death were covered with questionnaires: only during the first 12 weeks after 
randomization the questionnaires were sent in a weekly interval and thus covering all 
possible visits. 
Remarkably, the increasing percentage of GP contacts towards death was not 
accompanied by a decrease in hospital-based contacts. In a meta-analysis it was shown 
that improvements in patient care can be expected from interactive communication 
between primary care health care workers and specialists.[21] Therefore, one would 
expect that close collaboration between GPs and medical specialists will reduce the need 
for outpatient contacts. This concept is one of the central ideas in the gatekeeper position 
of the GP in the Dutch health care system, which resembles the function of the personal 
physician in the Patient Centred Medical Home project in the United States of America. 
[22-24] In our analysis, GP contacts did not reduce hospital based HCU during the last 
weeks of life. One reason might be that outpatient visits have their own value for 
patients. Although information regarding the medical or psychological reasons for HCU 
was not registered in the DBMS, we suggest that aspects of hope and reassurance can be 
important reasons for outpatient visits. Furthermore, patients may visit the GP for other 
reasons than the visits to the outpatient clinic. For instance, the GP is likely to be 
contacted more often for psychosocial support, whereas hospital based-health care is 
more likely to be used for somatic reasons. However, evidence to underpin these 
suggestions is lacking in literature, although first attempts have been made.[25;26] 
Data regarding the specific reasons for visiting a GP, or outpatient clinic or for admission 
are necessary. Firstly, these will show if the several health care services are used for the 
reasons they are meant for. Secondly, combined with information regarding the place of 
HCU, these data are essential to develop effective training programs. For maximum 
patient benefit, proper knowledge of all aspects of palliative care such as the range of 
(non)pharmaceutical treatment options, medical interventions strategies and 
comprehensive care facilities is needed by all involved health care workers. 
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Figure 4. Chance for specific health care utilization (HCU)  as modelled by the multilevel regression 
analysis.  Chances are calculated per week before death, for patients ( men for prostate and lung 
cancer; women for breast and other primary tumor types) living in an urban habitat, with 
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Other In the multilevel analysis, pain intensity was not related to any type of HCU. Apparently, an increase in pain intensity did not independently increase the probability to visit a GP and/ or hospital during the last weeks of life. Contrary to this, a lower valuation of quality of life was related to more GP and/or hospital contacts. Although these findings did not support our initial hypotheses, they underline the importance of focussing on overall quality of life instead of separate physical symptoms such as pain, when studying or planning health care utilization.[27;28] 
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Study limitations 
The presented study was a further descriptive analysis of the prospectively randomized 
DBMS. As selection bias may have occurred, given significance levels are estimates and 
should be interpreted with caution. Fifty-five percent of the questionnaires sent during 
the last 12 weeks of life answered questions on HCU and were included in this analysis. 
Considering the closeness to death of the responders, this is a reasonable response rate. 
It was assumed that the missing questionnaires were missing at random, given the 
characteristics included in the multilevel logistic regression model. Because these 
characteristics are also related to drop-out, we think that this is a reasonable assumption. 
Since the DBMS ended in 1998, palliative care for patients with painful bone metastases 
has changed. Patients with a disseminated cancer live longer as a result of improved 
systemic therapies. In addition, the focus is more on active symptom control. These 
changes can have contrary effects on hospital-based HCU. On the one hand, systemic 
treatment for disseminated lung cancer has been developed, which is likely to increase 
hospital based HCU.[18] On the other hand, in The Netherlands, since 1998 palliative 
care is stimulated by a governmental stimulation program, focusing on palliative care 
provided by primary care workers.[6;29] Unfortunately, no direct data regarding the 
effect of these changes on place of end-of-life care are available at the moment. As a 
surrogate parameter, a recent study showed that the percentage of cancer deaths 
occurring in Dutch hospitals slightly increased from 28% in 1996 to 31% in 2003 and 
2006.[30-32] Together with the increasing incidence of cancer during that period,[33] 
this indicates the relevance of the current analysis for today's care. Conclusion 
There was a high consumption of hospital-based HCU in the last 12 weeks of life by 
cancer patients with bone metastases treated within the DBMS. This type of HCU did not 
decrease during the weeks towards death, despite an increase in GP contacts. In 
multivariate analysis, a lower overall valuation of life was related to both GP and 
hospital-based HCU. This emphasizes the importance of integrated palliative care, in 
which medical specialists as well as GPs have close collaboration an both have knowledge 
regarding palliative care issues and treatment possibilities. Training programs focussing 
hereupon need to be developed. In the future, specialized care can then be provided at 
home or in the hospice so that the preference of patients to stay and die at home or in a 
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Appendix: Rotterdam Symptom Checkl ist 
Confidential 
Date of completion . . . . . . . . . . . . .. . . . . . . . .  20 .. . 
In this questionnaire you will be asked about your symptoms. Would you please,Jor all symptoms 
mentioned, indicate to what extent you have been bothered by it, by circling the answer most 
applicable to you. The questions are related to the past week. 
Example: Have you been bothered, during 
the past week, by headaches not at all a little quite a bit very much 
Have you, during the past week, been bothered by 
lack of appetite not at all a little quite a bit very much 
irritability not at all a little quite a bit very much 
tiredness not at all a little quite a bit very much 
worrying not at all a little quite a bit very much 
sore muscles not at all a little quite a bit very much 
depressed mood not at all a little quite a bit very much 
lack of energy not at all a little quite a bit very much 
low back pain not at all a little quite a bit very much 
nervousness not at all a little quite a bit very much 
nausea not at all a little quite a bit very much 
despairing about the future not at all a little quite a bit very much 
difficulty sleeping not at all a little quite a bit very much 
headaches not at all a little quite a bit very much 
vomiting not at all a little quite a bit very much 
dizziness not at all a little quite a bit very much 
decreased sexual interest not at all a little quite a bit very much 
tension not at all a little quite a bit very much 
abdominal (stomach) aches not at all a little quite a bit very much 
anxiety not at all a little quite a bit very much 
constipation not at all a little quite a bit very much 
diarrhoea not at all a little quite a bit very much 
acid indigestion not at all a little quite a bit very much 
shivering not at all a little quite a bit very much 
tingling hands or feet not at all a little quite a bit very much 
difficulty concentrating not at all a little quite a bit very much 
sore mouth/pain when swallowing not at all a little quite a bit very much 
loss of hair not at all a little quite a bit very much 
burning/sore eyes not at all a little quite a bit very much 
shortness of breath not at all a little quite a bit very much 
dry mouth not at all a little quite a bit very much 
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A number of activities is listed below. We do not want to know whether you actually do these, but 
only whether you are able to perform them presently. Would you please mark the answer that 










Pain is defined as "an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage".[1] It is a 
common symptom in cancer patients.[2] In a meta-analysis of fifty-two studies, 59% of 
patients on anticancer treatment, 64% of patients with advanced, metastatic or terminal 
disease and 53% of patients with all stages of cancer reported pain.[2] 
This thesis focuses on 'pain experience' as described in Loeser's pain model.[3] This 
model conceptualises the complexity of pain. It consists of s concentric circles, as is 
shown in Fig. 1 in chapter 1. The centre of these circles comprises 'nociception', which is 
defined as the stimulus that acts on peripheral pain receptors to activate nerve fibres. 
The next circle is named 'pain perception', the awareness of the nociceptive stimulus. 
Awareness is not only dependent on nociception, but is influenced by 'suffering'. 
Suffering, the third circle, encompasses the meaning of the pain experience, and 
generates an emotional response in higher nervous centres. This evaluation of the pain 
experience will also influence pain behavior, the next circle. 'Pain behavior', refers to all 
attributes used to communicate pain. As behavior is embedded in, and influenced by, the 
social setting someone is in, the final circle is named 'social context'. Thus, experienced 
pain is a layered concept, expressing the multidimensionality of pain. In chapter 1 the 
structure of the thesis has been outlined. 
Part l Pain measurement 
The first part of this thesis regards the measurement of experienced pain intensity. In 
chapter 2 heart rate variability (HRV), as a parameter of the autonomic nervous system, 
was studied as a measure of pain intensity in healthy volunteers. In clinical conditions 
where patients cannot indicate their pain, as during sedation on intensive care units, self 
reported pain measurement tools are not useful. In these settings, pain intensity is 
measured using behavioral indicators (facial expression, sweating, clutching) and 
physiological parameters (heart rate, blood pressure).[4-6] This practice is based on the 
hypothesis, that pain elicits a specific response in humans. For instance, due to pain, 
facial expression will change in a specific way.[7] Furthermore, it is thought that a pain 
response consists of changes within autonomic nervous tonus and neuroendocrine 
hormones. This response aims to maintain homeostasis during stress, the so called fight 
and flight reaction. Clinically this response will result in sweating, tachycardia and 
hypertension. However, although changes in the autonomic nervous tonus and 
catecholamines were shown, correlation between these changes and pain intensity has 
yet to be demonstrated.[8-12] 
We performed a study to define such a correlation. Pain was induced using a heat 
stimulus applied to the forearm. The stimulus was applied three times to 75 healthy 
volunteers, each preceded by a baseline period. Pain intensity was measured before and 
after each application using a visual analogue scale (VAS). To measure changes in the 
autonomic nervous tonus, we measured changes in the heart rate, expressed in heart rate 
variability (HRV) parameters. Heart rate was registered continuously; the HRV 
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parameters were calculated during baseline and stimulus periods. The main outcome was 
the Pearson's correlation between pain intensity measured by VAS and HRV parameters. 
In this study, two HRV parameters OnSDNN and lnLF) were significantly lower during 
pain, elicited by heat application, compared to the preceding baseline periods. However, 
no HRV parameters were correlated to perceived pain intensity measured by visual 
analogue scale in our study. Based on these results, the HRV parameters seem not 
suitable for pain intensity measurement in daily practice. 
Part II Pain management 
Pain management strategies can be systemic or local. Systemic strategies are for example 
treatment with acetaminophen or oral opioids. Also systemic antitumor therapy can be 
effective for pain control. However, side effects like nausea, drowsiness and constipation 
are frequently encountered.[13] To minimize systemic side effects, local treatment 
modalities are preferred. In chapter 3 the effect of radiotherapy for painful bone 
metastases in patients at the end of life is studied. Radiotherapy is an effective treatment 
for painful bone metastases. Single fraction therapy has been reported to diminish pain 
in 60%-70% of the patients.[14] However, the effect of radiotherapy is not immediate, 
but can take up to 3 to 4 weeks,[15] and is sometimes preceded by an increase in pain. 
[16;17] This questions its appropriateness at the end of life. Simple extrapolation of the 
data from literature is not valid, as patients with a limited survival may suffer from other 
primary tumors than long-term survivors, and have more rapidly progressive disease, 
resulting in different response rates to palliative radiotherapy. To investigate the efficacy 
of radiotherapy for painful bone metastases at the end of life data of the Dutch Bone 
Metastasis Study were used. Patients with painful bone metastases of solid tumors were 
randomized to multiple fraction (6 x 4 grays [Gy]) or single fraction (1 x 8 Gy) 
radiotherapy in that study.[18;19] The 274 patients that survived :s; 12 weeks after 
randomization in that study were included in our analysis. At least 45% percent of these 
patients responded to the treatment. The response rate in the multiple or single fraction 
group did not differ. Therefore, single fraction palliative radiotherapy for painful bone 
metastasis can be considered in patients even with an expected limited survival. Despite 
this response rate, in 60% of the patients, pain control was not achieved in the studied 
patients. Therefore, supportive palliative measures in addition to radiotherapy remain 
essential in the care of patients with painful bone metastases, especially at the end of life. 
One of the local side-effects of radiotherapy can be skin damage. The pain associated 
with this condition can be related to local tissue injury, which may be complicated by 
infection, or to nerve injury. Silver sulfadiazine cream, a topical antimicrobial agent, is 
usually used to alleviate radiotherapy induced skin. Lidocaine is a local anaesthetic with 
a low toxic potential, effective in both nociceptive and neuropathic pain.[20] It reversibly 
blocks the Na+ channels in sensory nerves, resulting in an evaluation of the 
depolarisation threshold of these nerves.[21;22] In chapter 4, we describe five patients 
with painful skin damage due to radiotherapy treated with lidocaine added to silver 
sulfadiazine cream. This case series suggested it is an effective local treatment for painful 
cancer or treatment related skin lesions. However, before lidocaine in silverfulfadiazine 
can be advised as standard therapy for painful skin lesions, further research is necessary. 
110 
Conclusions 
First, a dose finding study has to be performed, to determine the optimal concentration 
of lidocaine. Next, evaluation in a prospective randomized trial is worthwhile, comparing 
active treatment Oidocaine in silver sulfadiazine cream) to standard treatment (silver 
sulfadiazine cream). 
If the noxious stimulus does not respond to medical therapy, or adverse effects make this 
therapy unable to tolerate, it is possible to interrupt nociceptive pathways. One of the 
possible procedures is an anterior cervical cordotomy. This procedure is indicated in 
non-controllable one sided pain below the Cs dermatome level in patients with limited 
life expectancy.[23] By this procedure, often performed percutaneously, the 
spinothalamic tracts are disrupted at the C1-C2 level, using radiofrequency. Although 
immediate pain relief is achieved in up to 90% of treated patients,[24-26] the analgesic 
effect is time limited.[24] Furthermore, complications can arise due to unwanted 
leasioning of structures adjacent to the lateral spinothalamic tract.[27] A feared 
complication is respiratory dysfunction, due to leasioning of the tractus reticulospinalis 
ventrolateralis, which is the main cause of the 1-6% procedure related mortality.[25;28] 
Although some studies included patients with a follow-up of several years after 
percutaneous cervical cordotomy, long term effects of the procedure were not objectively 
quantified.[23;24;29] In chapter 5 we described a patient five years after a cordotomy. 
The procedure resulted in a decrease of nociception and temperature sensation, without 
other major side effects. Apparently, very precise leasioning is possible, thus minimising 
side effects. Therefore, this procedure may be advised as a worthwhile procedure for 
difficult to treat pain. 
Modulation of the pain experience by music was studied in chapter 6. Sigmoidoscopy, 
in which the endoscope is introduced up to the colon transversum, is most often not 
performed under sedation. Approximately 25% of the patients experience pain during 
this procedure.[30-32] Studies, performed during flexible endoscopy with conscious 
sedation, showed that listening to music reduced anxiety and improved the overall 
experience.[33-36] These results are likely to be influenced by sedation procedures. We 
performed a study, during sigmoidoscopy, without sedation. As described in chapter 6, 
listening to music did not reduce experienced pain intensity during sigmoidoscopy in 153 
patients compared to 154 controls. In addition, no subgroups with a favorable response 
to music could be identified. In this study, listening to music, at least during 
sigmoidoscopy, did not have a benefit with regard to pain perception. Therefore, 
listening to music can not be recommended for pain modulation. 
Part III Pain and health care utilization 
The social context, experienced quality of life and pain intensity all influence the use of 
health care facilities, as they reflect the balance between benefits and expenses of a 
treatment. The expenses (such as side effects of treatment, travel distances to treatment 
facilities) should not outweigh the benefits (such as prolonged disease free survival, 
better controlled symptoms). At the end of life, many people want to stay and to be cared 
for at home as much as possible.[37-41] In the Netherlands, palliative care is mainly 
provided by General Practitioners (GPs). The general idea is that hospital based care, 
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should be provided only exceptionally. In chapter 7 we evaluated whether this idea 
holds true for patients with painful bone metastases. During frequent follow-up in the 
Dutch Bone Metastasis Study, besides pain intensity, health care utilisation and quality­
of-life items were measured.[18;19] Eight hundred and sixty (74%) patients died during 
the study period. Therefore, data from the Dutch Bone Metastasis Study provided a 
unique opportunity to analyze health care utilisation during the last weeks of life in 
cancer patients in relation to self-reported pain and quality of life. 
We found that there was a high consumption of hospital-based health care utilization in 
the last 12 weeks of life by cancer patients with bone metastases treated within the 
DBMS. This type of health care utilization did not decrease during the weeks towards 
death, despite an increase in GP contacts. In multivariate analysis, lower overall 
valuation of quality of life was related to both GP and hospital based health care 
utilization. This emphasizes the importance of integrated palliative care, in which 
medical specialists as well as GPs have close collaboration and both have knowledge 
regarding palliative care issues and treatment possibilities. 
Discussion and.further perspectives 
This thesis raises some questions that deserve further research. Also some practical 
suggestions for daily clinical practice can be given. 
The finding that pain intensity was not correlated to the changes found in autonomic 
tonus (as reflected by change in HRV parameters), was not expected. The concept that 
pain elicits a stress response, and that such a response can be measured by autonomic 
function tests appears plausible.[10;11;42] Previous studies have conflicting results, some 
showing a autonomic response to pain,[12;43;44] whereas other studies did not, possibly 
to gender effects.[45;46] However, a correlation between such autonomic changes and 
the intensity of pain has yet to be demonstrated.[12;44] A suggestion to explain our 
findings that pain induced by heat elicited a change in HRV parameters without a 
correlation between these changes and pain intensity, is that the heat stimulus itself 
(instead of the induced pain) underlies the HRV changes. To explore this hypothesis, the 
study design should be adjusted: instead of one heat intensity applied several times, 
several different intensities should be applied per volunteer. Changes in HRV parameters 
can then be tested for correlation with the different heat intensities, corrected for the 
perceived pain intensity. If such a correlation is found, this explains our findings and will 
further question the usefulness of HRV parameters in pain intensity measurement. 
Another explanation for the absence of a correlation between pain intensity and HRV 
measures, is that pain is too complex to be measured by just one physiologic measure. A 
total pain concept is apparently more than some physiologic measures. Many factors are 
concomitant in influencing pain intensity, as is summarized in Loeser's pain model.[3] 
These factors are also likely to influence autonomic tonus (but not necessarily via pain), 
thus blurring the relation between pain and HRV. 
Therefore, for pain measurement communication with the patient remains essential. For 
patients not able to communicate verbally, structured measurement scales using non­




The two studies using data derived from the Dutch Bone Metastasis Study suggest also 
that communication is essential. In the study evaluating efficacy of radiotherapy during 
the last 12 weeks of life, radiotherapy was effective, resulting in a pain response in 45% of 
the patients included. Despite a pain response, in 60% of the responding patients no pain 
control was achieved. Thus, as radiotherapy often not results in pain control, there is a 
need for further supportive measures. Therefore, for optimal symptom control, 
knowledge of all available treatment options, and continuous communication with the 
patient and their carers are essential. 
The study focusing on health care utilization during the last 12 weeks of life of the 
patients included in the Dutch Bone Metastasis Study, also suggests the importance of 
continuing communication between health care professionals, especially between 
hospital based care providers and general practitioners. That study showed that an 
increase in General Practitioners contacts did not result in a decrease in hospital based 
health care consumption. As a result, several professionals are involved in the care for 
the same patient at the same time during the last weeks of live. In such circumstances, 
accurate communication is essential for harmonious care. 
However, these results seen in the light of a study exploring hospital referrals of 
palliative care, suggests that this is not the case. This study examined 529 records of 
palliative care patients from out-of-hours GP co-operatives in the Amsterdam region.[52] 
It was found that 13% of palliative care patients were referred to a hospital. Transfer of 
patient information from the GP to the cooperative halved the chance of being referred 
after calling an out-of-hours GP (odds ratio: 0.4; 95% confidence interval 0.2-1.0). 
Although this study focused on communication between GP's, it illustrates the effect 
information transfer might have on patient health care consumption. The high hospital 
based health care consumption we found, despite increasing GP contacts, therefore 
suggests that information transfer was far from accurate during the study period. 
Improving this situation starts with development of integrated palliative care training 
programs. A survey concerning the specific reasons for visiting a GP, an outpatient clinic 
or an admission is essential to develop such programs. 
Furthermore integrated palliative care teams should be formed, in which both medical 
specialists and GPs participate. I would suggest a General Practitioner who followed the 
kaderopleiding palliatieve zorg, (a specialized training in palliative care in the 
Netherlands intended for general practitioners) and a specialized palliative care nurse 
who both work within a transmural palliative advisory team. Other preferable members 
are a nursing home physician, a pain specialist and a social worker with psychological 
training. Specific specialist should be available on demand, such as a medical oncologist, 
a lung physician and a neurologist. Knowledge regarding palliative care issues and 
treatment possibilities can be easily shared in these teams. Also, these teams will be a 
forum where patient cases can be discussed. This will enable to discuss end-of-life topics 
in a multidisciplinary way. An electronic patient file, accessible by both medical 
specialists and GPs will facilitate the daily patient care by these teams. 
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Quality indicators for these teams may by the extent of multidisciplinarity of the teams, 
the extent of symptom control achieved, and the patient / carer satisfaction with the care 
provided. 
The proposed collaboration will enable accurate palliative care at home, in an hospice, or, 
only when needed, in the hospital. In this way the preference of patients to stay and die 
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Pijn wordt door de International Association of the Study of Pain (IASP) gedefinieerd 
als "een onaangename sensorische en emotionele ervaring, geassocieerd met feitelijke of 
mogelijke weefselbeschadiging of beschreven in termen van dergelijke schade". Dit 
proefschrift richt zich op 'pijnervaring', zoals beschreven in de pijn model van Loeser. Dit 
model geeft de complexiteit van de pijn schematisch weer. Het model bestaat uit s 
cirkels, zoals getoond in Figuur 1 in hoofdstuk 1. De centrale cirkel beslaat 'nociceptie'; de 
stimulatie van perifere pijnreceptoren, waardoor de pijnzenuwen geactiveerd worden. De 
cirkel daaromheen staat voor 'pijnbeleving': de gewaarwording van de nociceptieve 
stimulus. Deze gewaarwording van pijn is niet alleen afhankelijk van nociceptie, maar 
wordt be1nvloed door de betekenis die de pijn voor bet individu heeft. De derde cirkel, 
'lijden' omvat deze betekenis. Door de evaluatie van de pijn (welke betekenis heeft deze 
pijn?) wordt een emotionele reactie in hogere zenuwcentra gegenereerd. Deze evaluatie 
en de emotionele reactie op de pijn door een individu is van invloed op het pijngedrag, de 
volgende cirkel. 'Pijngedrag', verwijst naar alle uitingen van pijn. Denk hierbij aan het 
vertrekken van gelaatsuitdrukkingen, het roepen van 'au', maar ook het kopen en 
innemen van pijnstillers, of het bezoeken van een arts in verband met pijnklachten. 
Aangezien gedrag ingebed is in, en befovloed wordt door de sociale omgeving van 
iemand, beet de buitenste cirkel 'sociale context'. 
Hoofdstuk 1 beschrijft de structuur van bet proefschrift aan de hand van dit pijn model. 
Deel I Pijn meten 
In het eerste deel van dit proefschrift staat de meting van de ervaren pijnintensiteit 
centraal. Er zijn klinische situaties, waarin patienten niet in staat zijn zelf hun pijn aan te 
geven, zoals bijvoorbeeld tijdens sedatie op de intensive care afdeling. In een dergelijke 
situatie zijn pijnmeetinstrumenten die op zelfrapportage zijn gebaseerd niet bruikbaar. 
Als alternatief wordt pijnintensiteit gemeten met behulp van gedragsindicatoren 
(gezichtsuitdrukking, zweten) en fysiologische parameters (hartslag, bloeddruk). Dit is 
gebaseerd op de hypothese, dat pijn een specifieke reactie van het autonome 
zenuwstelsel en de neuro-endocriene hormonen veroorzaakt, resulterend in bijpassend 
gedrag. Deze reactie heeft tot doel bet juiste evenwicht (homeostase) te handhaven 
tijdens stress: de zogenaamde 'fight and flight' reactie. Klinisch resulteert deze reactie in 
onder andere zweten, versnelling van de hartslag en bloeddruk verhoging. Een correlatie 
tussen pijnintensiteit gemeten door een zelfrapportage instrument en de veranderingen 
in de tonus van bet autonome zenuwstelsel en de neuro-endocriene hormonen moet 
echter nog worden aangetoond. 
In hoofdstuk 2 wordt een dergelijk mogelijk verband onderzocht: hartslagvariabiliteit 
(heart rate variability; HRV) als parameter van bet tonus van het autonome zenuwstelsel 
wordt gecorreleerd met ervaren pijnintensiteit gemeten door een visueel analoge schaal. 
In dit onderzoek in 75 gezonde vrijwilligers bestond de pijnprikkel uit een 
warmteprikkel, aangebracht op de onderarm. Deze warmteprikkel werd drie maal 
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toegediend. Dit werd telkens voorafgegaan door een pijnvrije periode (uitgangsperiode). 
Pijnintensiteit werd gemeten voor en na elke pijnprikkel. Hiervoor werd een visuele 
analoge schaal (VAS) gebruikt. Dit is een 100 mm lange lijn, waarbij het linker uiteinde 
(o mm) 'geen pijn' representeert, en het rechter uiteinde (100 mm) 'ondraaglijke pijn'. 
Het autonome zenuwstelsel bestaat uit twee elkaar in evenwicht houdende delen: het 
sympatische en parasympatische zenuwstelsel. Om veranderingen in de tonus van de 
beide delen weer te geven, gebruikten wij de verandering in hartslag, uitgedrukt in HRV 
parameters. De hartslag werd continu geregistreerd; de HRV parameters werden bepaald 
voor de uitgang en pijnprikkel periodes. De gemiddelde interval tussen twee hartslagen 
(inter beat interval; IBI) en de standaard deviatie hierin (SDNN) werd berekend. Ook de 
power van de lage (LF, 0.07 - 0.14 Hz) en de hoge frequentie band (HF, 0.15 - 0.50 Hz) 
en de ratio LF /HF werden berekend. Logaritmische transformatie werd uitgevoerd om 
een normale verdeling van de waarden te krijgen. 
Het primaire eindpunt was de Pearson's correlatie tussen de intensiteit van de pijn 
(gemeten met VAS) en de HRV parameters. 
Twee HRV parameters 0nSDNN en lnLF) waren significant lager gedurende de 
pijnprikkel periode, vergeleken met de voorafgaande uitgangsperiode. Deze verlaging 
wijst op een lagere tonus van het parasympatische deel van het autonome zenuwstelsel 
tijdens pijn. Er bleek echter geen enkele HRV parameter gecorreleerd met de 
waargenomen pijnintensiteit. Op basis van deze resultaten lijken HRV parameters niet 
geschikt voor pijnintensiteit meting in een klinische setting. 
Deel II Pijnbestrijding 
Pijn kan systemisch of lokaal bestreden worden. Voorbeelden van een systemische 
aanpak zijn de behandeling met paracetamol of morfine. Ook systemische antitumor 
therapie (zoals chemotherapie) kan effectief zijn als pijnbestrijding. Een nadeel van deze 
aanpak zijn vaak de systemische bijwerkingen, zoals misselijkheid, slaperigheid en 
constipatie. Om dergelijke bijwerkingen te minimaliseren, kunnen lokale behandelingen, 
indien toepasbaar, de voorkeur hebben. In hoofdstuk 3 wordt de effectiviteit van 
radiotherapie voor pijnlijke botmetastasen bestudeerd, toegepast in de laatste 12 weken 
van het leven. Radiotherapie is een effectieve lokale behandeling voor pijnlijke 
botmetastasen. Radiotherapie met een fractie vermindert de pijn in 60% -70% van de 
patienten. Het effect van de behandeling is niet onmiddellijk, maar treedt meestal binnen 
3 tot 4 weken op, en wordt soms voorafgegaan door een toename van pijn. Deze 
kenmerken van de behandeling stelt de geschiktheid ervan aan het einde van het leven 
ter discussie. Om de effectiviteit van radiotherapie van pijnlijke botmetastasen aan het 
einde van het leven te bestuderen, werden de data van de Dutch Bone Metastasis Study 
gebruikt. In <lit onderzoek werden 1154 patienten met pijnlijke botmetastasen van solide 
tumoren gerandomiseerd naar meerdere fracties (6 x 4 gray [Gy]) of enkele fractie (1 x 8 
Gy) radiotherapie. De 274 patienten die � 12 weken na randomisatie overleden, werden 
voor dit onderzoek geanalyseerd. Wij vonden dat 45% procent van deze patienten baat 
hadden van de radiotherapie, waarbij het niet uitmaakte of patienten met een of meer 
fracties radiotherapie waren behandeld. Palliatieve radiotherapie bij pijnlijke 
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botmetastasen dient daarom ook bij patienten met een als beperkt ingeschatte overleving 
te worden overwogen. In 60% van de responderende patienten werd echter een 
onvoldoende effect op de pijn bereikt: er was bij hen geen sprake van adequate 
pijnbestrijding. Daarom blijven ondersteunende palliatieve maatregelen als aanvulling 
op radiotherapie van essentieel belang in de zorg voor patienten met pijnlijke 
botmetastasen, zeker aan het einde van het leven. 
Een van de lokale bijwerkingen van radiotherapie kan beschadiging van de huid zijn. De 
lokale weefselbeschadiging, eventueel samen gaand met infectie van de huid en schade 
aan zenuwen, kan pijn veroorzaken. De schade aan de huid wordt vaak behandeld met 
zilversulfadiazine creme, een antimicrobieel middel. Lidocaine is een lokaal 
anestheticum, effectief bij nociceptieve en neuropathische pijn. Het blokkeert reversibel 
de natrium kanalen in sensorische zenuwen, waardoor de depolarisatie drempel wordt 
verhoogd. In hoofdstuk 4 beschrijven we vijf patienten met pijnlijke huidlaesies, die 
behandeld zijn met lidocaine in zilversulfadiazine creme, in verschillende concentraties. 
De behandeling was in de beschreven patienten effectief. Er is echter verder onderzoek 
nodig voordat lidocaine in silverfulfadiazine kan worden geadviseerd als standaard 
therapie voor pijnlijke huidlaesies. Ten eerste dient de optimale concentratie van 
lidocaine vastgesteld te worden. Vervolgens dient in een prospectief gerandomiseerde 
studie de actieve behandeling OidocaYne in zilversulfadiazine creme) met de standaard 
behandeling (zilversulfadiazine creme) vergeleken te worden op effectiviteit. 
Als pijn in het kader van een kwaadaardige aandoening niet reageert op de behandeling, 
of de bijwerkingen niet worden verdragen, is het mogelijk pijnzenuwen te onderbreken. 
Een van de technieken die hiervoor toegepast worden is een anterieure cervicale 
chordotomie. Deze procedure kan worden uitgevoerd bij niet-beheersbare, eenzijdige 
pijn onder het C5 dermatoom, bij patienten met een beperkte levensverwachting. Deze 
procedure wordt in principe percutaan uitgevoerd. Met behulp van radiofrequentie 
worden spinothalame zenuwbanen op C1-C2 niveau onderbroken. Hoewel directe 
pijnverlichting in 90% van de behandelde patienten wordt bereikt, kunnen pijnklachten 
terugkeren. Bovendien kunnen complicaties optreden door ongewenste beschadiging van 
naastliggende structuren. Een gevreesde complicatie is respiratoire insufficiente als 
gevolg van schade aan de tractus reticulospinalis ventrolateralis. Deze complicatie is de 
voornaamste oorzaak van de procedure-gerelateerde mortaliteit. 
In hoofdstuk 5 wordt een patient vijf jaar nadat een percutane cervicale chordotomie is 
uitgevoerd beschreven. De procedure resulteerde in een afname van de nociceptie en 
temperatuursensatie zonder andere belangrijke bijwerkingen. Blijkbaar is zeer 
nauwkeurige ablatie mogelijk, met slechts minimale bijwerkingen als gevolg. De 
procedure kan worden beschouwd als een waardevolle aanvulling voor anderszins 
moeilijk te behandelen pijn. 
In hoofdstuk 6 wordt het effect van muziek op pijnervaring onderzocht. Studies, 
uitgevoerd tijdens flexibele endoscopie onder sedatie, toonden aan dat het luisteren naar 
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muziek angst vermindert en de algehele ervaring verbetert. Deze resultaten kunnen 
echter zijn beinvloed door de sedatie. We voerden daarom een studie uit tijdens 
sigmoidoscopie, zonder sedatie. Bij een sigmoidoscopie wordt de endoscoop tot de colon 
transversum opgevoerd. Ongeveer 25% van de patienten ervaart pijn tijdens deze 
procedure. In het kader van de studie werden 307 sigmoidoscopien verricht; 153 
patienten luisterden naar muziek, 154 niet. Luisteren naar muziek bleek niet te 
resulteren in vermindering van de ervaren pijn. Bovendien konden geen subgroepen met 
een gunstige reactie op muziek worden geidentificeerd. Daarom kan het luisteren naar 
muziek niet worden aanbevolen voor pijnmodulatie tijdens deze procedure. 
Deel III Pijn en zorggebruik 
Gezondheidszorgconsumptie aan het eind van het leven wordt beinvloed door allerlei 
factoren, waaronder pijnintensiteit, de ervaren kwaliteit van leven en de sociale context 
van de patient. Deze factoren zijn van invloed op de persoonlijke weging tussen voor en 
nadelen van een behandeling. De baten (zoals langdurige ziektevrije overleving, beter 
gecontroleerde symptomen) moeten opwegen tegen de kosten (zoals bijwerkingen van de 
behandeling, reisafstanden naar zorg instellingen). Mede op grond van deze afweging 
willen veel mensen aan het eind van hun leven thuis verzorgd worden en sterven. In 
Nederland heeft daarom de huisarts een centrale rol in de zorg rond het levenseinde. De 
algemene opvatting is dat ziekenhuiszorg alleen in beeld zou moeten komen in 
uitzonderlijke situaties. In hoofdstuk 7 wordt onderzocht in hoeverre dit idee de 
werkelijkheid beschrijft voor patienten met pijnlijke botmetastasen. Tijdens de frequente 
follow-up in de Dutch Bone Metastasis Study werden naast pijnintensiteit ook 
zorggebruik en kwaliteit van leven items gemeten. Acht honderd en zestig (74%) 
patienten overleden tijdens de studie periode. Daarom bieden de gegevens van de Dutch 
Bone Metastasis Study een unieke gelegenheid om gebruik van gezondheidszorg te 
analyseren tijdens de laatste weken van het leven bij kanker patienten in relatie tot zelf 
gerapporteerde pijn en kwaliteit van leven. In de analyse van de gegevens van de 
overleden patienten vonden we een hoge consumptie van ziekenhuis zorg in de laatste 12 
weken van het leven. Dit gebruik nam niet af in de weken voor overlijden, ondanks een 
stijging van huisartscontacten. Dit benadrukt het belang van geintegreerde palliatieve 
zorg. Hierin werken medisch specialisten en huisartsen nauw samen en delen kennis met 
betrekking tot behandelingsmogelijkheden en palliatieve zorg. 
Discussie en toekomst perspectieven 
De bevinding dat pijnintensiteit niet correleert met de wijzigingen in_ tonus van het 
autonome zenuwstelsel (weerspiegeld door veranderingen in HRV parameters), werd 
niet verwacht. Het concept dat pijn een stressreactie opwekt, en dat deze reactie kan 
worden gemeten door autonome functie parameters lijkt plausibel. Onze bevindingen 
zouden verklaard zijn als de warmte zelf (in plaats van de geinduceerde pijn) een 
verandering in HRV parameters opwekt. Om deze hypothese te toetsen, kan een 
gewijzigde onderzoeksopzet warden gebruikt: in plaats van een warmte-intensiteit, die 
meerdere malen wordt toegediend, moeten verschillende warmte intensiteiten per 
vrijwilliger worden toegediend. Veranderingen in de HRV parameters kunnen vervolgens 
warden getest op hun correlatie met de verschillende warmte-intensiteiten, gecorrigeerd 
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voor de ervaren pijnintensiteit. Indien een dergelijke correlatie wordt gevonden, 
verklaart <lit onze bevindingen. 
Een andere verklaring voor de afwezigheid van een correlatie tussen pijn intensiteit en 
HRV parameters, is <lat pijn te complex is om te worden gemeten door slechts een 
fysiologische maat. Veel factoren bemvloeden tegelijkertijd de ervaren pijnintensiteit, 
zoals samengevat in het pijn model van Loeser. Deze factoren zullen waarschijnlijk ook 
de tonus van het autonome zenuwstelsel beinvloeden, maar niet noodzakelijkerwijs via 
pijn. Hierdoor vervaagt de relatie tussen pijn en HRV. Daarom blijft in pijnmeting de 
communicatie met de patient essentieel. Voor patienten die niet in staat zijn om verbaal 
te communiceren, lijken gestructureerde meetschalen die gebruik maken van non­
verbale vormen van communicatie, zoals de gezichtsuitdrukkingsschaal van meerwaarde. 
De twee analyses van gegevens uit de Dutch Bone Metastasis Study suggereren eveneens 
<lat communicatie van essentieel belang is. In de studie naar effectiviteit van 
radiotherapie gedurende de laatste 12 weken van bet leven, bleek radiotherapie te 
resulteren in een pijn respons in 45% van de patienten. Ondanks deze respons, werd in 
60% van de reagerende patienten geen pijn controle bereikt. Aangezien radiotherapie 
alleen vaak niet resulteert in adequate pijnbestrijding in deze levensfase, bestaat er 
behoefte aan andere ondersteunende maatregelen. Welke <lat zijn, hangt uiteraard van de 
situatie af. Daarom is voor een optimale symptoomcontrole essentieel, <lat er kennis is 
van alle beschikbare behandelingsopties, en er voortdurend communicatie met de 
patient, bun verzorgers en behandelaars bestaat. Alleen op deze wijze is duidelijk waar de 
noden liggen en hoe daarin geholpen kan worden. De studie gericht op zorggebruik 
gedurende de laatste 12 weken van het leven van de patienten gemcludeerd in de Dutch 
Bone Metastasis Study, suggereert eveneens het belang van de communicatie tussen 
professionals in de gezondheidszorg, in bet bijzonder tussen huisartsen en zorgverleners 
in bet ziekenhuis. Deze studie toonde <lat een toename in huisartsencontacten niet 
automatisch leidt tot een daling in de ziekenhuiszorgconsumptie. Dientengevolge zijn 
verschillende professionals, uit verschillende echelons van zorg op hetzelfde moment 
betrokken bij de zorg voor een patient tijdens de laatste weken van bet leven. In 
dergelijke omstandigheden is zorgvuldige communicatie essentieel voor een 
harmonieuze zorgverlening. 
Een aanzet tot bet verbeteren van deze situatie zou bet ontwikkelen van gemtegreerde 
palliatieve zorg opleidingen voor zorgverleners zijn. Een onderzoek naar de specifieke 
redenen voor een bezoek aan een huisarts, een polikliniek of een ziekenhuisopname is 
onmisbaar voor een goede inhoud van een dergelijke opleiding. Daarnaast zouden 
transmurale teams voor palliatieve zorg gevormd kunnen worden. Als leden van een 
dergelijk team suggereer ik een huisarts, die de kaderopleiding palliatieve zorg heeft 
gevolgd, en een gespecialiseerde palliatieve zorg verpleegkundige. Daarnaast bestaat een 
dergelijk team bij voorkeur uit een specialist ouderenzorg, een pijnspecialist, en een 
maatschappelijkwerker met specifieke scholing op psychosociale begeleiding. Specifieke 
specialisten moeten op afroep beschikbaar zijn, zoals een medisch oncoloog, een longarts 
en een neuroloog. Kennis met betrekking tot palliatieve zorgverlening en 
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behandelingsmogelijkheden kan gemakkelijk worden gedeeld in deze teams. Deze teams 
vormen tevens een forum waar patienten besproken kunnen worden. Dit maakt 
multidisciplinaire bespreking van beslissingen rondom bet levenseinde mogelijk. Een 
elektronisch patientendossier, bereikbaar voor alle betrokken teamleden zal behulpzaam 
zijn in deze transmurale hulpverlening. Als kwaliteitsindicatoren voor deze teams stel ik 
voor: de mate van multidisciplinariteit van de teams, de mate van bereikte 
symptoomcontrole, en de patient / zorgverlener tevredenheid met de geleverde zorg. 
De voorgestelde samenwerking zal adequate palliatieve zorg faciliteren, zowel thuis, in 
een hospice of, indien noodzakelijk, in bet ziekenhuis. Op deze manier kan in de 
toekomst vaker aan de voorkeur van patienten tegemoet worden gekomen om thuis of in 
een huiselijke omgeving te sterven. 
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Woorden van dank 
Woorden van dank Het schrijven van een proefschrift is  een project <lat je  niet alleen kunt. Enkele van de helpenden wil ik graag bedanken: Allereerst dr. A.K.L. Reyners. Beste An, wat was het geworden zonder jou? Waarschijnlijk was ik er niet eens aan begonnen. Dank voor het vertrouwen, dat ik als eerste promovendus samen met jou de zoektocht naar onderzoeksterreinen binnen het UMCG op het gebied van palliatieve zorg mocht maken. Al is het roer in de loop de tijd wel eens om gegaan; het was een leerzaam traject. Je uithoudingsvermogen om de artikelen steeds weer van commentaar te voorzien is bijzonder. En dat jaar in jaar uit; langer dan voorzien! Prof. dr. R.O B. Gans, beste Rijk. Hoe ontstellend soepel van geest ben je toch. Eerst keek je wat somber, toen ik je als opleider vroeg naar de mogelijkheden om de opleiding te onderbreken voor een promotie traject. Dat veranderde echter in blijvend enthousiasme, nadat bleek dat er inderdaad een formele mogelijkheid bestond om, onder voorwaarden, in het 4e jaar van de opleiding alsnog een onderbreking te realiseren. Hartelijk dank voor de snelle actie, waarmee dat geregeld was. De bijkomende verplichting om gedurende de onderzoekstijd een dag per week intern geneeskundige poliklinische patientenzorg te blijven verlenen in bet UMCG heeft mijn opleiding verrijkt. Je bereidheid als hoogleraar interne geneeskunde promotor te willen zijn bij een onderwerp op het vlak van de palliatieve zorg verlening waardeer ik zeer. Het doet mijns inziens recht aan het karakter van zowel de interne geneeskunde als die van de palliatieve zorg. Overigens deed het ook weer een appel op je lenigheid van geest: het onderwerp was inhoudelijk zo goed als nieuw. Dit verhinderde je niet om tijdens de in opzet wekelijkse besprekingen voortdurend optimistisch stimulerend mij uit te dagen. Dank daarvoor! Dr. Y.M. van der Linden, beste Yvette. Jij kwam bij mij in beeld via jouw onderzoeksproject, de Dutch Bone Metastasis Study. Het gebruik van de overvloedige data, de zeer behulpzame suggesties bij het formuleren van de juiste onderzoeksvragen en tips en tries in het gebruik van SPSS hebben me erg geholpen. Het heeft geleid tot twee mooie artikelen: de back-bone van het boekje! Naast jullie als 'hard core, begeleiding, hen ik ook veel dank aan anderen verschuldigd. Arie, wat weet jij veel van heart rate variability en alles wat daar met Carspan bij komt kijken! Dank voor het delen van die kennis, de prettige wijze van samenwerken en de kopjes koffie. Jammer dat het uiteindelijk maar een artikel werd. We hebben op een veelvoud zitten broeden. Joop, jij ook bedankt voor het meedenken over de heart rate variability en het na rekenen van de data. Gelukkig zijn we uiteindelijk op hetzelfde uit gekomen! Beste Marco en Sabine Lowik en Eline Aarden, zonder jullie was de studie naar de relatie tussen heart rate variability en pijn nooit gelukt. De werving van vrijwilligers, maar ook het praktisch verrichten van de metingen was bij jullie in goede handen. 
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Prof. dr. J.W.H. Leer, u gaf formeel toestemming voor het gebruik van de data van de 
Dutch Bone Metastsis Study en las de manuscripten kritisch door. Daarnaast wilde u nog 
plaats nemen in de leescommissie. Dank voor <lat alles. 
Ook prof. dr. E.G.E. de Vries, hartelijk dank <lat u aan de leescommissie wilde 
deelnemen. Al was de inhoud niet nieuw; herhaald kreeg ik de kans om de vorderingen 
van het onderzoek te bespreken op de wekelijkse oncologie research besprekingen. Het 
commentaar was nuttig. Evenals overigens het commentaar op diverse manuscripten: 
we klopten nooit tevergeefs voor een reactie aan! 
Prof. dr. K.C.P. Vissers, dank voor de bereidheid in de leescommissie te willen 
participeren. 
De afdeling endoscopie van het UMCG, met haar MDL-artsen, al dan niet in opleiding, 
hebben met bun souplesse mijn promotie een grote dienst bewezen! Ook hen die 
vrijwillig op de 'pijnbank' plaats wilden nemen om hartslag en bloeddruk te laten meten 
tijdens een warmte prikkel: hartelijk dank! Daarnaast wil ik de patienten noemen, die 
aan een studie naar HRV parameters voor pijnmeting in de klinische setting hebben 
deelgenomen. De belasting viel tegen. Reden waarom de inclusie niet goed liep, en bet 
onderzoek uiteindelijk niet afgerond kon worden. 
Dr. M. van Wijhe, beste Marten. De gastvrijheid van de afdeling pijnbestrijding is 
hartverwarmend. De maandagse overdracht was altijd een mooi begin van de week. 
Jammer dat er uiteindelijk niet genoeg patienten ge:includeerd konden worden. Aan jullie 
inspanningen lag het niet! Dank voor de mogelijkheid om het Medoc systeem te mogen 
gebruiken. Anders waren de vrijwilligers op een rust- in plaats van een pijnbank 
geklommen. 
Marjan en Jos, dank <lat jullie de moed hebben om paranimf te zijn, ondanks jullie 
drukke bezigheden in gezin, werk en kerk. Pa, fijn <lat u de opmaak van <lit proefschrift 
op u heeft willen nemen! Gelukkig <lat werken met de computer voor u geen straf is. 
Paul, dank voor het maken van de omslag. Met weinig informatie kun je veel. 
Naast al deze inhoudelijke hulp zijn er velen die hebben bijgedragen aan <lit boekje; ieder 
op z'n eigen wijze. 
Carolien, dank je voor het geduld. Leek het mooi op te schieten, was bet nog 0ang) niet 
zo ver. Wie had ooit gedacht, <lat ons gezin gedurende de jaren van onderzoek zou 
groeien van 5 naar 9 personen? Al was de dienst-vrijheid in de eerste jaren erg fijn; het 
was thuis wel druk. Zeker het laatste half jaar in Groningen en nu in Geldermalsen. Dank 
voor de gelegenheid die je steeds weer bood om desondanks toch weer wat aan 'het 
onderzoek' te doen. Die dank komt ook onze kinderen toe. 'Waarom zit papa nu nog 
steeds achter de computer?' Hoewel niet zonder enig eigenbelang: Dank voor het 
meeleven ! 
Pa en ma, jullie niet-aflatende belangstelling is bijzonder. Jullie hebben altijd gewezen op 
het belang van bet goede gebruik van de gekregen gaven. Ook in vasthoudendheid leven 
jullie ons voor. Zaken die bij een promotie goed van pas komen. Dank! 
Als er over gaven gesproken wordt, is er ook een gever. Daarom: in het besef <lat verstand 
en middelen gaven zijn van God mijn Schepper, wens ik, in navolging van J.S. Bach: 
S. D. G. - Soli Deo Gloria. 
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Jan Meeuse (1975) volgde het voorbereidend wetenschappelijk onderwijs aan het Van 
Lodenstein college te Amersfoort. In 1993 starte hij de studie geneeskunde aan de Vrije 
Universiteit Amsterdam. In 2000 rondde hij deze studie af, na een stage palliatieve zorg 
in Sheffield (UK), onder leiding van prof. S. Ahmedzai. Hij vond een werkplek in bet 
Deventer Ziekenhuis, afdeling interne geneeskunde en starttte daar, onder leiding van dr. 
H. Sluiter, de opleiding tot internist. In de loop van 2006 zette bij deze voort in bet 
UMCG te Groningen, onder prof dr. R.O.B. Gans. De opleiding werd voor 3 jaar 
onderbroken (beboudens wekelijkse intern geneeskundige polikliniek) ten bate van 
onderzoek, <lat uitmondde in dit proefscbrift. Sinds 2011 is hij internist. Na een 
waarneem periode van 3 maanden te Meppel is bij toegetreden tot de maatschap interne 
geneeskunde in het Ziekenhuis Rivierenland Tiel. 
Hij is getrouwd met Carolien en vader van 7 kinderen. 
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